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SOMS  .BIOLOGICAL  A  ED  CHEMICAL  ACTIVITIES 


Off  ALBERTA  SOILS. 

by 

Eobt.  E.  Bedford, 

department  of  Soils, 
University  of  Alberta. 


INTRODUCTION. 

Soil  conditions  and  plant  growth  are  the  resultant 
of  climatic  factors  and  geological  development. 

If  that  portion  of  the  Great  Central  Plain  which  is 
occupied  by  the  Province  of  Alberta  is  considered  in  relation 
to  its  westerly  boundary  and  northern  topographical  features, 
it  may  be  supposed  that  both  of  those  fundamental  conditions 
above  mentioned  would  have  varied  in  respect  to  different 
sections  of  the  Province  over  such  a  period  of  time  to  cause 
what  is  now  designated  as  different  soil  groups,  which  are 
divergent  amongst  themselves  in  respect  to  the  position  of 
certain  strata  of  minerals,  as  calcium  carbonate,  in  relation 
to  their  proximity  to  the  surface,  the  amount  of  vegetation 
that  has  become  incorporated  with  the  disintegrated  rock  and 
so  forth.  But  in  spite  of  these  very  apparent  divergencies 
certain  of  these  soils,  as  for  instance.  Prairie,  Parkland, 
and  Timber  Groups,  retain  the  inherent  ability  to  produce 
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relatively  high  yields  of  agricultural  crops  under  certain 
climatic  conditions;  and  it  is  an  endeavour  to  measure  some 
of  the  soil  factors  that  are  known  to  he  essential  for  plant 
growth,  correlate  them  if  possible  with  some  apparent  common 
property  which  appears  to  be  an  inherent  quality  of  fertile 
soils,  that  forms  the  nucleus  of  this  dissertation. 

Pour  main  divisions  of  soils  are  dealt  with,  namely. 
Prairie,  Parkland,  timber,  and  Peat;  and  the  factors  measured 
are  nitrogen  derived  from  ammonia  and  nearly  related  compounds, 
nitrate  nitrogen,  as  we 11  as  certain  groups  of  microorganisms, 
i'he  sample  of  timber  soil  used  is  representative  of  the  best 
of  its  kind  in  the  Province,  and  consequently  shows  a  rather 
high  total  nitrogen  content.  *i'he  peat  is  essentially  raw 
sphagnum;  and  the  other  samples  are  typical  of  their  groups. 


HISTORICAL  * 

Ammonification  and  nitrification  are  fascinating 
themes  of  interest  to  the  microbiologist.  The  production  of 
ammonia  in  soils  was  demonstrated  to  be  a  biological  phenomenon 
by  Muntz  and  Goudon  in  1893;  and  that  nitrification  was  due  to 
a  similar  cause  was  first  indicated  by  Pasteur  thirty  years 
previously;  but  it  remained  for  Schloesing  and  Muntz  in  1877 
to  offer  tangible  proof  of  the  biological  nature  of  the  process. 

The  significance  of  these  processes  is  that  the  higher 
plants,  requiring  nitrogen  for  their  metabolism,  assimilate  it 
in  the  form  of  nitrates. 
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The  questions  then  which  arise  are: 

1.  Whether  mioroorganio  activity  oan  he  correlated  with  either 
ammonifieation  or  nitrification; 

2.  Do  the  methods  for  differentiating  these  factors  portray 
a  true  picture  of  those  conditions; 

3*  Can  soil  fertility  he  measured  hy  nitrification? 

There  is  no  unanimity  of  opinion  amongst  investigators 
regarding  questions  1  and  2,  hut  Ho.  3  is  suggested  hy  Waksman 
as  being  indicative  of  crop-producing  power. 

Various  methods  have  been  used  to  measure  these  factors. 

Hem y  (41 )  in  1902  suggested  the  use  of  solutions  for  the  quantitative 
estimation  of  different  physiological  reactions,  such  as  ammonify¬ 
ing  and  nitrifying  power  of  different  soils.  This  has  been  criti¬ 
cised  because  certain  organisms  are,  nitrifiers  for  instance,  are 
more  sensitive  to  organic  substances  in  solution  than  in  the  soil; 
but  on  the  other  hand  microorganisms  from  sewage  (organic  matter) 
act  much  more  energetically  in  liquid  media. 

Stevens  and  Withers  (60)  found  no  correlation  between 
microbial  activity  of  the  soil  and  soil  suspensions,  a  condition 
confirmed  by  many  other  investigators  (65)  and  opposed  by  an  equal 
number.  Lohnis  (65),  for  instance,  found  that  HemyTs  method  was 
quite  as  efficient  in  nitrification  studies  as  when  the  natural 
soil  was  used,  wherein  definite  quantities  of  a  substance  were 
added  to  known  weights  of  soil  and  incubated  for  a  specific 
length  of  time.  Brown  (12)  found  that  there  was  a  direct 
correlation  between  the  ammonifying  power  of  soils  determined  by 
RemyTs  liquid  medium  method  and  crop  production. 
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Kussell  (51)  states  that  Arnd  found  that  in  aoid 
soils,  such  as  peat,  lack:  of  nitrification  did  not  necessarily 
indicate  the  absence  of  nitrifying  organisms;  and  although  the 
application  of  lime  increased  nitrification  by  creating  a  neutral 
reaction,  a  large  excess  might  produce  injurious  effects  which 
he  attributed  to  microorganic  activity  in  denitrifying  the 
nitrates . 

The  concentrations  of  added  material  have  markedly 
different  effects  on  the  formation  of  nitrates  (31).  Burgess  (14) 
using  the  soil  method  found  that  nitrification  was  indicative  of 
soil  fertility;  Prince  (46)  reported  definite  correlation  between 
crop  yield,  numbers  of  microorganisms,  and  nitrifying  power  of 
certain  plots  studied  at  New  Jersey.  When  highly  nitrogenous 
organic  matter,  such  as  dried  blood,  was  added  to  the  soil  its 
effect  on  nitrification  was  reflected  by  the  soil  reaction, 
alkaline  soils  inhibited  the  formation  of  amonia,  and  acid  soils 
were  benefited. 

Waksman  (69)  concludes  that  a  study  of  numbers  of 
microorganisms  in  the  soil  and  of  nitrification  yield  information 
for  the  differentiation  of  soil  fertility. 

A  summary  of  the  literature  on  the  two  phases,  ammonifi ca¬ 
tion  and  nitrification,  points  to  the  conclusion  that  the  former 
cannot  be  used  as  an  indication  of  fertility,  since  there  is  no 
method  extant  which  can  definitely  isolate  ammonium  compounds  as 
differentiated  from  such  closely  allied  substances  as  amides  and 
imides;  but  on  the  other  hand  the  general  concensus  of  opinion  is 
that  nitrification,  together  with  numbers  of  microorganisms,  offers 
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a  basis  for  the  olassifioation  of  soils. 

The  measurement  of  oarbon  dioxide  evolved  from  the  soil 
is  of  more  recent  origin,  although  as  early  as  1880  Wollny  found 
that  the  carbon  dioxide  content  of  the  soil  varied  with  the 
organic  matter  present.  Gainey  and  Heller  (25)  found  a  correlation 
between  ammonia  and  carbon  dioxide,  and  Heller  (43),  using  pure 
baoterial  cultures,  found  a  high  concentration  of  carbon  dioxide 
corresponded  with  a  high  ammonia  content;  while  Waksman  (71 ) 
suggests  the  measurement  of  carbon  dioxide  as  a  method  for  grading 
soils  on  the  basis  of  their  fertility.  Hus sell  and  Appleyard  (53) 
investigated  the  decomposition  of  soil  organic  matter  on  different 
plots  at  Kothamsted  and  found  a  definite  correlation  between 
carbon  dioxide,  nitrate  nitrogen,  and  bacterial  numbers;  a  funda¬ 
mental  interrelationship  in  soil  bacteriology. 

THU  PROBLEM. 

The  differences  in  the  chemical  and  physical  nature  of 
the  four  main  soil  groups  of  Alberta,  and  their  ability  to 
produce  correspondingly  high  yields  of  agricultural  crops  under 
optimum  climatic  conditions,  suggest  that  there  must  be  some 
inherent  factors  common  to  each  soil  group  which  plays  an 
important  part  in  the  support  of  vegetative  growth.  Plant  growth 
reflects  to  a  marked  extent  the  results  of  microorganic  activity, 
which  in  turn  may  be  correlated  with  specific  chemical  substances 
found  in  the  soil  as  a  result  of  biochemical  decomposition  of  the 
organic  matter.  Instance,  for  example,  the  production  of  ammonium 
compounds,  nitrate  nitrogen,  and  carbon  dioxide.  Measurements  then 


... 


-  ~  i ' l  -  . '  •:  - .  ■  ; .  i  ■:  •: .  r  r 

1  *  r  n  -  :  . :?  *i  •  h  . ; o  ’  .  e t  x::c  t '  ro  r±  c  o  y.o  :rn  r 9 *  ms  o-v  c  ly 

, 

' 

old  •  ,  El  .  \  •  ■  •  '  1  ti 

#€  l  ■  al£f< 

'  :  i 

;  -v  ■  ■!'  -•  '  V  1.  ;;  ;  :  j  y;  ;c  :  •  /.:  00 

i  '•  •  t  ;  g  - 

t 

'  0  '-r  /..y.  :  ;  -  c  ;  ;  .y  !:■  sr  &  >  l&Sf'Viil 

■  :  -  ■  ■  ■  '  ■  ■  :0  c.  :  /  ■  u  •  ■  •  ■"  ••••••:  :c  moiq 

;  ’  •  , .  ' 

'  ’  ■  '•  - "  ■  '  •  •  : 


’ 

t  ‘  e;’  ‘  r  '  . ff  J  ;  *  >  9  .  j- 

ho  abl  el  4  •  • 

B<f  tBlStr  *E edt  &i 

■ 

0  e  ■'£  l.  .^ioqnrl 

m  f  rjt  ox  v; 

.  i 

•to!  .•one 

'  '  ,  -  '  ■  700 


6 


have  been  made  of  two  factors: 

1.  Chemioal:  ammonium  and  closely  related  compounds,  nitrate 
nitrogen;  and,  in  the  case  of  peat,  of  carbon  dioxide. 

2.  biological.:  total  numbers  of  microorganisms,  and,  in  the 
case  of  one  soil  (Parkland),  of  two  other  groups,  namely, 
fungi  and  actinomyces. 

and  a  comparison  made  of  the  response  of  the  different  virgin 
soils  under  specific  treatment. 


EXPERT  IMTAL  METHODS. 

The  virgin  soils  used  in  this  inves tigation  were 
obtained  from  the  following  locations: 

a.  Prairie  -  Hand  Hills,  Hanna. 

b.  Parkland  -  Edmonton. 

c.  Timber  -  Pigeon  Lake. 

d.  Peat  -  Edmonton. 

They  were  air -dr led  and  with  the  exception  of  the  peat,  sifted 
through  a  coarse-mesh  sieve. 

This  outline  of  experimental  methods  is  divided  into 
three  sections:  (1)  ammonif ication  and  nitrification;  (2)  carbon 
dioxide  evolution;  (3)  miscellaneous.  And  each  of  these  sections 
subdivided  into:  (a)  chemical  and  physical,  and  (b )  biological 
divis ions: 
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Seotion  (1)  -  Ammonification  and  Nitrification. 

(a)  Chemical  and  Physioal. 

The  hydrogen  ion  concentration  of  each  air-dried  soil 
was  established  by  the  colorimetric  method  using  Glark  and  Lub’s 
system  of  indicators. 

Ten  grams  of  soil  and  50  cc.  of  water  were  placed  in 
a  shaker  bottle,  rotated  for  ten  minutes,  filtered,  indicator 
added,  and  compared  against  a  standard  in  comparator  block. 

Determination  of  optimum  moisture.  A  measured  quantity 
of  water  was  allowed  to  percolate  through  100  grams  of  soil  and 
the  gravitational  water  drained  through  was  measured.  Sixty  per 
cent,  of  the  water-holding  capacity  was  taken  as  the  optimum 
moisture  of  the  respective  soils. 

Quantities  of  soils  and  treatments.  One  hundred  grams 
of  soil  were  placed  in  small  jelly  jars  in  triplicate,  and 
subjected  to  the  following  treatments  and  rates  of  application: 


Control 

optimum  moisture 

60 io  capacity. 

Phosphorous 

mono -calcium  acid 
phosphate. 

0.1  grams. 

Calcium 

calcium  carbonate 

.5 

Calcium  and  blood. 

2.0  tT 

Blood  alone 

2.0  w 

Ammonia 

ammonium  sulphate 
(2  cc.  -  10^  soln. ) 

.042  "  nitrogen. 

Optimum  moisture  was  added  (an  additional  2  cc.  for  each 
gram  of  dried  blood),  and  the  soil  incubated  at  room  temperature 
for  definite  periods  of  1,  2,  3,  5,  8  and  11  weeks.  At  the  end 
of  the  incubation  periods  the  soils  were  dried  at  80°0.  for  sixteen 
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hours  excepting  sufficient  soil  for  microbial  counts.  The  dried 
soils  were  then  ground  to  pass  an  80-mesh  sieve,  stored  in 
sealers  and  later  analysed  for  ammonia  and  nitrate  nitrogen,  as 
follows: 

Ammonia :  determined  by  aeration  in  the  cold.  A 
definite  quantity  of  soil  and  salt  mixture  consisting  of  sodium 
chloride  and  sodium  carbonate,  are  placed  in  a  long  glass  tube 
whioh  is  connected  to  an  absorbing  tower  containing  a  definite 
amount  of  standard  acid;  the  whole  is  then  aerated  for  three 
hours  by  means  of  a  suction  pump,  and  the  acid  titrated  against 
standard  alkali,  using  methyl  red  as  an  indicator  (42).  In  the 
case  of  peat  soils  this  method  had  to  be  slightly  modified  on 
account  of  the  bulky  nature  and  difficulty  of  wetting  of  the 
ogranic  matter.  Five  grams  only  of  peat  could  be  used  in  the 
tubes  as  opposed  to  fifty  grams  of  mineral  soil,  to  which  was 
added  Ine  hundred  cc.  of  salt  mixture  and  the  whole  allowed  to 
stand  until  the  peat  was  comple tely  saturated.  A  few  glass  beads 
placed  at  the  bottom  of  the  aeration  tube  permitted  a  more  easy 
ingress  of  air. 

determination  of  nitrate  nitrogen.  This  method  consists 
of  leaching  out  the  nitrates  from  the  soil  and  determining  their 
presence  colormetrically  by  means  of  phenol-disulphonic  acid. 

The  presence  of  chlorides  from  the  addition  of  blood  necessitated 
the  addition  of  silver  sulphate  solution.  Slight  modifications 
of  the  method  were  found  necessary  in  determining  nitrates  in 
peat: (27 ) 

1.  Peat  is  difficult  to  wet:  shake  for  30  minutes  and 
filter  instead  of  decanting  the  supernatant  liquid; 

2.  The  colour  of  the  extract  is  more  intense  than  in 
mineral  soils:  increase  the  carbon  black  from  1%  to  2%; 
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3.  In  each  instance  where  agitation  is  a  necessary  part 

of  the  regular  procedure,  it  was  found  that  hy  increasing 
the  time  50$,  and  combined  with  the  above  modifications, 
a  clear  solution  was  ultimately  obtained. 


(b)  Biological, 

In  the  case  of  the  control  in  each  soil  group  plate 
counts  were  made  of  (1)  bacteria,  (2)  fungi,  and  (3)  actinomyces; 
in  the  other  treatments  only  bacterial  counts  were  made.  rI‘he 
whole  of  the  biological  work  was  done  in  the  evenings  so  as  to 
obviate  unnecessary  disturbance  of  atmospheric  conditions  in  the 
laboratory,  The  following  media  were  used: 

1.  Bacterial  counts 

Beef  extract-peptone-agar  adjusted  to  +  1$  acidity. (22) 

2.  ffungi : 

This  medium  having  a  pH  4.0  was  proposed  by  Waksman 
and  gave  very  satisfactory  results  (68). 

3.  Ac tinomyces: 

Another  of  v/aksman‘s  media  was  used  in  this  case  and 
gave  satisfactory  results.  This  medium  had  a  pH  of  5,7 
(67)- 

These  methods  of  differentiating  between  the  groups  of 
soil  microorganisms  are  designated  under  the  term  “Physiological 
selection". 

Counts  at  the  end  of  six  days  are  recorded  in  this 


thesis.  (Table  15). 
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Section  (2)  -  Carbon  Dioxide  Evolution  of  Peat. 

Chemical  and  Biological, 

All  the  necessary  constituents  for  the  respective 
treatments,  excepting  the  peat,  were  first  placed  in  a  500  cc. 
HJrlenmeyer  flask  and  then  25  grams  of  finely- ground  well-mixed 
peat  added.  Where  calcium  carbonate  was  used  the  precaution 
was  taken  of  leaving  it  in  contact  with  the  solution  for  a 
period  of  time  before  adding  the  peat  so  as  to  obviate  the 
danger  of  measuring  the  carbon  dioxide  evolved  resulting  from 
the  reaction  between  the  added  chemical  substances.  Class  wool 
was  inserted  between  the  solution  and  the  peat;  this  necessitated 
the  capillary  movement  of  moisture  and  dissolved  substances  and 
at  the  same  time  permitted  an  even  distribution  over  the  peat  of 
the  microorganisms  contained  in  the  inoculum,  as  well  as  permitting 
them  to  live  in  a  more  stable  environment  as  the  solution  percolated 
throughout  the  solid  media.  ri'o  the  flask  was  fitted  a  rubber 
stopper  through  two  holes  in  which  glass  tubes  were  inserted,  one 
reaching  to  the  bottom  of  the  flask  permitting  the  ingress  of  air, 
and  the  other  just  reaching  below  the  stopper  for  the  egress  of 
carbon  dioxide;  a  small  plug  of  cotton  batting  being  inserted  in 
this  tube  to  stop  any  small  pieces  of  organic  matter  from  passing 
out  with  the  carbon  dioxide. 

The  incubation  flask  was  then  connected  to  an  absorption 
tower  containing  glass  beads  and  50  cc.  1.4  sodium  hydroxide 
solution,  which  was  changed  and  titrated  each  morning  using 
standard  hydrochloric  a$ld  and- indicators  phenolphthalein  and 
methyl  orange  (64). 
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Eighteen  litres  each  of  standard  hydrochloric  acid 
and  sodium  hydroxide  solution,  sufficient  for  the  duration  of 
the  experiment,  were  made  up.  The  former  was  protected  against 
the  ingress  of  ammonia  fumes  in  the  atmosphere,  and  the  alkali 
solution  protected  hy  means  of  two  soda  lime  tubes,  one  attached 
to  a  rubber  bulb  used  for  pumping  air  into  the  container  and  the 
other  attached  to  the  end  of  the  50  cc.  pipette  used  for  measuring 
the  alkaline  absorbing  solution,  which  was  inserted  through  an 
aperture  in  the  stopper  of  the  demi-john. 

In  order  to  stop  any  back  flow  of  carbon  dioxide  from 
the  incubation  chamber  into  the  absorption  tower  next  preceding 
it,  a  screw  clamp  was  fixed  on  the  rubber  tubing  connecting  the 
absorption  tower  to  the  air  ingress  tube  of  the  incubation 
chamber.  This  clamp  was  released  immediately  after  the  suction 
pump  was  started  and  the  solution  began  to  rise  in  the  absorption 
tower.  The  whole  system,  connected  in  series,  was  subjected  to 
fifteen  minutes  aeration  each  day,  immediately  prior  to  titration; 
but  the  carbon  dioxide  evolved  had  free  access  to  wander  into  the 
alkaline  absorbing  medium  at  any  time. 

The  atmosphere  drawn  through  the  system  was  first 
washed  by  passing  it  through  washing  towers  containing  a  30  per 
cent,  potassium  hydroxide  solution,  and  at  the  other  end  of  the 
system  a  similar  tower  was  installed  to  wash  any  air  passing  back 
into  the  system  when  the  suction  was  released. 
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section  (?)  -  Miscellaneous . 

(a)  Chemical . 

Reducing  sugars  from  straw,  A  mixture  of  5  grams  of 
Marquis  wheat  straw  and  125  cc.  of  a  definite  concentration  of 
phosphoric  acid  were  placed  in  a  250  cc.  Brlenmeyer  flask, 
stoppered  with  cotton  "batting,  allowed  to  stand  overnight,  and 
then  subjected  to  steam  pressure  in  the  autoclave  under  the 
following  conditions: 

Sufficient  heat  was  generated  to  raise  the  temperature 
in  the  autoclave  to  120°C.  in  15  minutes,  retention  of  this 
temperature  for  75  minutes,  and  then  the  autoclave  was  exhausted 
in  10  minutes  (57)*  The  straw  mixture  was  immediately  filtered 
through  a  No.  40  Whatman  filter  and  the  filtrate  analysed  by 
the  Bertrand  method  for  reducing  sugars  (4  ). 

Total  nitrogen  was  determined  by  Gunning 1 s  modification 
of  the  Kjeldahl  method  (4  ). 

The  determinations  of  carbon  in  peat  were  made  by  means 
of  the  "Liebig"  combustion  apparatus. 

In  all  instances  where  numerous  similar  analyses 
necessitated  the  constant  use  of  graduated  apparatus,  the  same 
measuring  instruments  were  used  throughout  the  particular  analysis. 
This  safeguard  is  extremely  necessary  in  such  analyses  as  those 
of  nitrate  and  sugar  determinations,  where  so  much  mechanical 
manipulation  forms  a  part  of  the  methods. 

(b )  Biologioal. 

Fixation  of  atmospheric  nitrogen.  A  definite  quantity 


(70  cc.)  of  the  straw  filtrate  was  placed  in  an  800  cc.  Kjeldahl 
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flask,  inoculated  with  10  oc.  of  inoculum  from  previously 
isolated  free  nitrogen  fixing  organisms,  and  incubated  for  a 
definite  time  under  laboratory  temperatures. 


mSRIMEHTAL  RESULTS, 

Before  entering  upon  a  discussion  of  the  results  of 
the  problem  under  investigation,  it  is  desired  to  draw  attention 
to  certain  factors,  fundamental  ones  in  the  writer's  opinion,  of 
soil  constitution,  which  should  not  be  treated  in  the  customary 
abstract  manner  but  rather  oriented  to  a  position  that  is  in 

juxtaposition  to  the  results  which  reflect  their  potentialities, 

* 

Take,  for  instance,  the  microorganic  population.  The  customary 
procedure  is  to  compare  this  factor  in  the  different  soils 
irrespective  of  the  source  from  which  they  obtain  their  energy. 

If  it  is  conceded  that  the  physiological  activity  of  micro¬ 
organisms  is  a  kinetic  reflection  of  the  source  of  potential 
energy  -  the  organic  matter  -  conditioned  by  the  soil  solution; 
that  is  to  say,  for  example,  the  hydrogen  ion  concentration  may 
be  such  as  to  favour  the  growth  of  a  dominant  flora  such  as  fungi, 
in  which  case  physiological  activity  would  be  reflected  in  a 
small  accumulation  of  nitrate  nitrogen,  then  the  question 
naturally  arises  whether  the  comparison  of  biological  activity 
(numbers  and  nitrates)  of  two  or  more  different  soils  would  be 
justified  if  their  organic  matter  content  were  widely  divergent, 
and  no  cognisance  taken  of  this  fact. 
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In  the  writer's  opinion  they  would  not  "be  comparable 

because : 

1.  The  organic  matter  is  the  source  of  energy  for  micro¬ 
organisms  . 

2.  The  organic  matter  is  the  source  of  nitrate  nitrogen. 

3.  The  fertility  of  our  semi-arid  soil  (Prairie)  cannot 
be  explained  owing  to  the  slight  increase  in  bacterial 
numbers  when  based  upon  the  total  soil  aggregate. 

4.  Plant  growth  is  indicative  of  the  rate  of  availability 
of  essential  elements,  and  no  comparison  is  possible 
between  soils  containing  wholly  different  quantities 

of  organic  matter,  unless  cognizance  is  taken  of  this 
fact. 

On  the  other  hand,  there  should  be  a  relationship  between  the 
numbers  of  bacteria  per  gram  of  organic  matter,  nitrate  nitrogen 
per  gram  of  organic  matter,  and  the  total  organic  matter  for 
each  100  grains  of  soil;  and  in  the  writer's  opinion  there  is. 

Salisbury  (54)  in  discussing  the  stratification  of 
Woodland  soils  observes  that  the  vertical  distribution  of 
microorganisms  may  be  directly  correlated  with  the  distribution 
of  organic  matter,  each  varying  inversely  with  the  depth. 

The  ensuing  discussion  will  consider  the  effect  of: 

(a)  optimum  moisture 

(b)  phosphorus,  (mono-calcium  acid  phosphate) 

(c)  Calcium  carbonate 

(d)  calcium  carbonate  and  blood. 

(e)  blood 

(f)  Ammonium  sulphate 
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upon  the  decomposition  of  the  soil  organic  matter,  reflected 
by  measuring  the  three  factors  ammonification,  nitrification, 
and  microbial  numbers,  The  question  arises  what  are  the  relative 
quantities  of  organic  matter  and  nitrogen  present,  and  the 
hydrogen  ion  concentration  in  the  respective  soil  groups. 

Table  1.  -  Total  nitrogen,  organic  matter,  and  pH 
in  the  four  soil  groups. 


Soil  Group. 

Organic 
matter 
per  166 
g.  soil. 

nitrogen 

per 

100  g. 

soil. 

Nitro gen 
per 

100  g. 

org.  mtr. 

Ratio 

U/O.M. 

pH 

fo 

3 

1o 

f° 

Prairie 

7*18 

.240 

3.34 

1:29.9 

6.6 

Park  Belt 

27.08 

.918 

3.39 

1:29.5 

6.8 

Timber 

22.22 

.609 

2.74 

1:36.5 

6.9 

Peat 

93.13 

.800 

.87 

1:116.4 

3.5 

Determination  of  organic  matter  by  ignition. 


The  Effect  of  Moisture  on  Microorganic  Activity. 

The  addition  of  water  to  a  soil  brings  into  solution 
its  characteristic  elements  or  compounds  till  a  definite  con¬ 
centration  is  reached;  and,  seeing  that  bacteria  are  living 
organisms  requiring  certain  compounds  in  solution  for  their 
metabolism  which  are  contained  in  their  ed&phic  environment, 
it  is  only  natural  to  expect  that  they  should  respond  to  this 
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enhanced  availability  of  nutrients  by  increased  numbers.  This 
they  do  but  only  to  a  certain  point,  for  their  numbers  are 
subject  to  fluctuations  characteristic  of  living  matter  dependent 
upon  a  constantly  changing  environment.  Reference  to  Table  2 
will  show  the  response  of  the  microorganisms  to  a  changing 
environment,  as  well  as  a  rhythmic  fluctuation  in  the  case  of 
the  Park  and  Timber  groups,  and  although  this  does  not  appear  in 
the  Prairie  soil,  but  rather  a  steady  increase,  the  fact  must  not 
be  overlooked  that  this  rise  coincides  to  a  similar  condition  for 
those  particular  periods  of  incubation  of  the  other  two  mineral 
soil  groups.  This  is  rather  significant  and  points  to  the 
necessity  of  making  frequent  counts.  A  similar  fluctuation  exists 
in  the  Fungi  group,  but  the  Actinomyces  show  a  steady  rise  through¬ 
out  the  period  under  observation.  They  are  slow  growing  (67) 
and  their  physiological  activity  would  be  reflected  in  numbers,  a 
probable  measurement  of  the  time  factor  required  for  completion  of 
their  life  cycle,  i.e.,  cell  division. 
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'fable  2.  -  Microorganisms,  millions  per  gram  of  soil 
in  the  four  soil  groups. 


Incubation  Microorganic  Prairie*  Park  Belt  limber  Peat 
in  weeks.  group. 


Control  .10  2.16  1.37  .03 


1 

Bacteria 

Actinomyces 

Fungi 

— 

2 

Bacteria 

Actinomyces 

Fungi 

2.60 

3 

Bacteria 

Ac tinomyces 
Fungi 

— 

5 

isac  te  ria 
Actinomyces 

6.20 

.46 

Fungi 

.05 

8 

Bacte ria 
ac tinomyces 
Fungi 

— 

11 

Bacteria 

Ac tinomyces 
Fungi 

7.68 

.92 

.11 

3.34 

4.89 

1.26 

1.60 

1.65 

1.60 

i.  60 

1.61 

1.57 

.29 

.28 

.09 

.14 

.11 

.19 

3.22 

4.95 

1.57 

.58 

.69 

too  dense 

to  count. 

.07 

.12 

.15 

1.57 

1.61 

3.12 

.15 

.14 

.13 

.28 

.39 

.14 

12.10 

3.28 

1.67 

.46 

.52 

.13 

.33 

.50 

.37 

*  Only  three  incubation  periods  were  possible  owing  to 
insufficient  soil. 
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The  mi oro organisms  of  peat  cultured  on  media  similar 
to  that  utilised  in  the  differentiation  of  groups  in  the  mineral 
soils  are  charao te ristio  of  one  group  only  -  the  Fungi.  There 
would  appear  to  he  no  douht  that  they  dominate  the  biological 
activity  therein,  which  observation  we  shall  see  later  is  sub¬ 
stantiated  by  a  measure  of  nitrification.  This  not  only  suggests 
a  wholly  different  microflora  and  fauna  are  present  but  indicates 
a  biological  adaptation  of  one  group  to  a  wide  range  of  hydrogen 
ion  concentration,  for  the  three  media  used  corresponded  to  a 
neutral  medium  for  the  isolation  of  bacteria,  a  pH  5.75  for 
Actinomyces,  and  pH  3.9  for  Fungi, 

Observation  of  Table  2  indicates  that  there  is  a 
fairly  close  analogy  in  the  numbers  of  microorganisms  within 
the  four  soil  groups.  It  is  particularly  noticeable  that  peat, 
a  very  unfertile  environment  for  normal  plant  growth  stands  in 
a  direct  relationship  with  the  other  soils,  a  condition  that,  in 
the  writer's  opinion,  is  not  justified  by  experimental  evidence 
but  is  the  reflection  of  a  method  used  that  is  not  sound  in 
principle  for  a  basis  of  comparison  and  which  has  become  orthodox 
for  all  comparative  studies  irrespective  of  the  factors  under 
consideration  merely  as  a  result  of  repetition.  If  it  is  willingly 
conceded  that  microorganisms  obtain  their  energy  from  the  soil's 
organic  matter,  then  it  is  only  logical  to  suppose  that  their 
numbers  should  be  based  upon  that  factor,  and  on  the  assumption 
that  the  respective  volumes  of  the  mineral  soils  are  practically 
similar,  the  quantity  of  organic  matter  in  1  gram  of  soil  should 
form  the  basis  of  calculation.  It  will  later  be  shown  (p.25) 
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Plate  I.  Comparison  of  microorganisms  of  four  soil  groups. 

(a)  Prairie 
(*b)  Parkland. 

(c)  Timber. 

(d)  Peat:  1.  Bacteria f  2.  an  tinomyces ,  3.  Fungi. 
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that  rational  correlation  may  he  made  on  this  basis,  a 
graphical  representation  on  both  bases  is  shown  in  Figure  1, 
wherein  it  will  be  observed  the  new  method  of  computation 
places  the  number  of  microorganisms  of  peat  in  a  direct 
relationship  to  its  condition  of  fertility. 


Figure  1. 


El 


The  question  then  with  which  we  are  confronted  just 
now  is  that  of  fluctuating  numbers.  Is  that  phenomenon  peculiar 
to  artificial  laboratory  conditions,  or  is  it  an  inherent  quality 
reflecting  an  organized  subterranean  population  of  biological 
forms?  Russell  (51 )  shows  rather  conclusively  that  a  living 
organism  is  responsible  for  this  rhythmic  sequence.  Evidence 
recently  accumulated  (16 )  lends  weighty  support  to  the  phenomenon 
of  biological  organization,  for  Rothamsted  investigators  found 
that  the  numbers  of  bacteria  were  definitely  inverse  to  those  of 
protozoa,  that  this  relationship  was  independent  of  moisture  and 
temperature,  and  that  these  fluctuations  were  daily  as  well  as 
seasonal.  It  has  been  shown  that  protozoa  are  practically  uni¬ 
versally  present  in  soils;  their  presence  has  been  qualitatively 
demonstrated  in  the  soils  under  investigation. 

These  fluctuating  numbers  of  microorganisms  are  not 
then  a  responsive  factor  of  artificial  laboratory  conditions,  but 
an  inherent  function  of  biological  activity.  The  significance  of 
this  is  obvious,  and  we  shall  have  recourse  to  this  biological 
phase  a  little  later  (p.24). 

There  are  certain  groups  of  organisms  present  in  the 
soil  that  obtain  their  energy  by  oxidation  of  simple  inorganic 
nitrogen  compounds.  Russell  ( 50 )  maintains  that  very  small 
quantities  of  ammonia  or  nitrites  are  ever  found  in  the  soil. 

He  infers,  therefore,  that  nitrate  formation  is  the  speediest 
of  the  three  reactions  and  ammonia  formation  the  slowest,  which 
ipso  facto,  commands  the  process.  It  might  be  of  interest  then 
to  follow  the  course  of  nitrate  formation  throughout  the  experi- 
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mental  period  and  later  to  see  whether  there  is  any  o ommon 
ground  between  the  biological  factor,  the  genesis  and  finale 
of  the  nitrate  radical. 


The  Bffeot  of  Moisture  on  Nitrification. 

It  has  been  observed  that  the  effect  of  the  addition 
of  moisture  to  the  soil  was  to  increase  the  biological  activity 
therein,  and  seeing  that  this  activity  is  reflected  in  increased 
numbers  there  should  obviously  be  an  increase  in  metabolism  which 
should  be  signified  by  an  accumulation  of  nitrate  nitrogen. 
Reference  to  Table  3  indicates  that  there  was  a  steady  increase 
in  the  formation  of  nitrate  nitrogen  in  the  three  mineral  soils, 
but  the  case  of  peat  was  anomalous. 


Table  3.  -  Ritric  nitrogen  parts  per  million  of  soil. 


Period  of 
incubation 
weeks. 

Prairie 

Park  Belt 

Timber 

Peat. 

Control  2.26 

2.66 

3.54 

17.60 

1 

— 

10.87 

15.62 

82.14 

2 

14.70 

20.27 

58.82 

69.44 

3 

27.77 

58.82 

24.27 

5 

30.00 

35.71 

83.33 

24.76 

8 

— 

57.69 

133.33 

22.92 

11 

41.66 

66.18 

166.66 

22.72 
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The  writer  offers  the  suggestion  that  this  fluctuation 
in  the  case  of  the  peat  may  he  accounted  for  hy  the  desiccation, 
in  the  process  of  air  drying  previous  to  the  commencement  of  the 
experiment,  of  the  vegetative  fungal  inhabitants,  the  dominant 
flora,  at  an  earlier  period  than  the  nitrifying  organisms,  nitro- 
somonas  and  nitrohacter,  which  would  result,  in  the  initial 
stages,  of  an  accumulation  of  ammoniacal  compounds,  because  the 
acid  reaction  of  the  peat  praotically  inhibits  nitrification, 
but  the  increased  formation  of  the  base-forming  compounds  would 
tend  to  decrease  the  hydrogen  ion  concentration,  a  condition 
contributing  to  enhanced  activity  of  the  nitrifying  organisms 
and  a  consequent  accumulation  of  nitrates,  The  addition  of 
water  gradually  reversed  the  process  by  causing  germination  of 
fungous  spores  and  consequent  assimilation  of  simple  nitrogen 
compounds  resulting  in  the  fluctuations  shown. 

Inspection  of  Table  3  (p.22),  wherein  the  computation 
of  nitrates  is  upon  the  basis  of  the  soil  as  a  whole,  would  lead 
one  to  suppose  that  a  certain  obvious  order  of  the  rate  of 
nitrification  existed  within  the  soil  groups;  but  in  the  writer's 
opinion  this  position  cannot  be  supported  by  the  related  factors  - 
biological  activity  and  organic  matter  present. 

The  Interrelationship  of  Factors,  Organic  Matter,  Bacterial 

Ihimh  e  r  s  a  nd  hi  tr  a te  I i ir ogen .  '  ~ 

We  have  seen  that  coincident  with  an  increase  in  the 
mioroorganio  population  from  that  at  the  beginning  of  the 
experiment  there  was  an  accumulation  in  nitrate  nitrogen,  and 
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seeing  that  nitrogen  is  derived  from  the  organic  matter  of  the 
soil,  it  naturally  follows  that  these  three  factors  suggest  a 
basis  of  correlation;  but  the  first  question  with  which  we  are 
confronted  is  whether  there  is  any  significant  relationship  be¬ 
tween  the  three  factors  soil  aggregate,  bacterial  numbers,  and 
nitrates,  This  there  cannot  be,  because  no  differentiation  can 
be  made  in  regard  to  the  different  soils  and  they  must  therefore 
be  represented  as  a  linear  curve  from  which  condition  it  is 
obvious  there  cannot  be  any  correlation  with  specifically  varying 
factors,  such  as  bacterial  numbers  and  nitrates.  But  by  resolving 
bacterial  numbers  and  nitrates  in  terns  of  1  gram  of  organic 
matter  -  a  common  unit  -  for  each  soil  group  a  picture  is 
presented  which  reflects  the  significant  relationship.  Observation 
of  Figure  2a  will  clearly  demonstrate  this  fact,  The  nitrate 
figures  have  been  computed  on  the  basis  of  the  total  quantity 
accumulated  at  the  end  of  the  experiment,  divided  by  the  number 
of  weeks  of  incubation.  It  might  be  objected  that  on  this  basis 
a  false  picture  is  conveyed  of  the  rate  of  nitrification.  For 
when  the  numbers  are  actually  low  the  accumulation  of  nitrates 
is  similar  to  when  the  numbers  are  high,  but  although  this  object¬ 
ion  has  a  degree  of  validity,  it  does  not  affect  the  principle 
involved,  namely,  that  nitrates  are  a  measure  of  bacterial 
numbers  because  the  fluctuations  in  those  numbers  within  each 
soil  group  is  directly  proportional  to  the  fluctuations  of 
nitrate  nitrogen  within  each  respective  soil  group.  It  is  quite 
true  that  the  ratio  of  nitrate  formation  for  each  group  at  the 
different  periods  of  incubation  must  fluctuate  and  this  must 
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have  an  accumulative  effect,  so  that  at  the  end  of  eleven  weeks 
the  differences  will  he  more  accentuated.  This  does  not  detract 
from  the  principle  involved.  For  recourse  to  Figure  3  A  shows 
that  the  relative  positions  of  the  different  soil  groups  is 
maintained  throughout  the  experimental  period.  Again  the 
numbers  and  nitrates  are  directly  related,  Heference  to 
Figure  2B  shows  a  similar  correlation  involving  the  total 
numbers  of  microorganisms  and  nitrate  nitrogen  accumulated  and 
distributed  equally  over  the  six  incubation  periods. 

It  will  be  observed  that  there  are  apparently  great 
divergencies  from  any  parallelism  in  bacterial  numbers,  but  as 
a  matter  of  fact  the  picture  is  a  true  reflection  of  each  soil 
group's  organic  matter  content  and  microbial  population,  for 
there  is  an  inverse  relationship  between  numbers  and  microorgan¬ 
isms  per  gram  of  organic  matter  and  total  organic  matter  of 
100  grams  of  soil, which  formed  the  basis  of  this  experiment, 
and  which  offers  an  explanation  why  Prairie  soils  so  relatively 
low  in  organic  matter  are  so  fertile  for  a  limited  period  com¬ 
pared  to  the  other  soil  groups,  because  the  rapid  decomposition 
of  the  organic  matter  and  consequent  release  of  nitrate  nitrogen 
and  other  salts,  is  merely  a  reflection  of  physiological 
activity  conditioned  by  a  greater  degree  of  aeration  owing  to 
the  particular  physical  structure  of  its  inorganic  framework. 
There  are  then  these  rather  interesting  facts,  that  the  greater 
bacterial  numbers  in  Prairie  soil  per  gram  of  organic  matter 
partially  offset  the  apparent  advantage  of  increased  organic 
matter  content  of  the  Parkland  and  Timber  soils,  and  that  the 
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Correlation  Between  Qrqem/c  Matter  -  Micro  orqam  sms-  Nitrates 
•vs  ^  ^  55 

Hq$  MOp/V,  per  (firm  Organic  Matter  per  Hundred  Grams  Of  Sod 
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condition  of  fluctuation  in  microbial  numbers  at  the  different 
periods  of  incubation  are  remarkably  constant.  If,  on  the 
other  hand,  the  numbers  of  baoteria  were  based  upon  1  gram  of 
soil  aggregate,  the  slight  increase  in  numbers  and  the  apparent 
low  rate  of  nitrification  are  so  opposed  to  the  known  fertility  of 
prairie  soils,  that  they  suggest  antagonistic  factors  rather 
than  each  directly  reflecting  the  other.  Hilgard  (Marshall  41) 
attempts  to  explain  the  fertility  of  semi-arid  soils  on  the 
basis  of  a  narrower  carbon/nitrogen  ratio  in  consequence  of 
which  relatively  greater  quantities  of  nitrates  are  made 
available  than  in  more  humid  regions.  This  view  can  be 
reconciled  with  experimental  fact  if  the  carbon/nitrogen  is 
narrowed  due  to  the  relatively  enormous  numbers  of  microorganisms 
per  gram  of  organic  matter  which  displace  the  wider  ratio  exist¬ 
ing  in  the  vegetative  organic  matter  by  reason  of  their  physiolo¬ 
gical  activity,  and  they  themselves  supplying  the  source  of 
nitrogenous  material  in  the  form  of  their  cellular  bodies,  in 
which  condition  the  proteins  are  much  more  easily  decomposed. 

It  is  a  matter  of  common  knowledge  that,  given  optimum 
climatic  conditions  during  the  growing  period,  the  crop  yielded 
by  the  Prairie  soil  will  be  equal  to  that  of  any  other  mineral 
soil  group,  and  the  question  naturally  arises  whether  we  can  find 
any  relationship  between  any  of  the  factors  measured  so  that  the 
position  of  each  soil  group  may  be  arranged  in  order  of  apparent 
productivity,  reference  to  1'able  4  shows  their  relationship  on 
the  basis  of  the  ratio  of  nitrate  nitrogen  to  organic  matter 
content  of  one  hundred  grams  of  soil,  after  eleven  weeks  in¬ 
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Table  4.  -  relationship  of  the  soils  on  "basis  of  ratio 
of  nitrate  nitrogen  to  organic  matter  per 
100  grams  soil. 


Soil  Group 

Mgs  •  NO *5 -IT g 
in  100  grm. 
soil. 

Organic 
matter 
per  cent, 
soil. 

Mgs . NO3-N2 
per  grm. 
organic 
matter. 

Katio  of 
organic 
matter  to 

N0T-Np 

Timber 

16.7 

22.22 

.75 

1,333 

Prai rie 

4.2 

7.18 

.58 

1,724 

Park 

6.6 

27.08 

.24 

4,166 

Peat 

2.3 

93.13 

.025 

40,000 

When  a  comparison  of  these  soil  groups  is  based  upon 


the  accumulation  of  nitrate  nitrogen  per  unit  of  organic  matter 
within  a  given  period  of  time  they  stand  in  the  following  order: 


Table  5.  -  Order  of  comparison  of  soil  groups  under  optimum 
conditions  in  relation  to  nitrification. 


Soil  Group 


Comparative  value 
on  basis  of  100. 


Timber 

100 

Prairie 

77 

Park 

32 

Peat 


03 


29 


It  is  not,  of  course,  inferred  that  this  position 
would  pertain  under  extreme  climatic  conditions  (i.e.  deviation 
from  the  optimum  within  eaoh  group),  for  obviously  the  physical 
and  chemioal  faotors  would  exert  a  pronounced  influence  the 
more  the  climatic  conditions  deviated  from  both  sides  of  the 
optimum  -  (Max.  opt min.  )  -  but  that  relationship  will 
stand  up  to  a  certain  point  of  climatic  variability,  This 
inverse  relationship  between  the  rate  of  nitrification  and 
total  amount  of  organic  matter  present  is  compensated  for  by 
the  greater  amount  of  organic  matter  present,  and  explains  for 
instance  why  Park  Belt  soil  with  so  low  a  comparative  rate  of 
nitrification  is  able  to  accumulate  a  larger  quantity  of  nitrate 
nitrogen  compared  to  say  the  Prairie  soil,  inhere  in  the  rate  of 
nitrification  is  so  much  greater. 

The  serious  objection  might  be  raised  that  in  choosing 
only  one  period  -  the  last  -  for  illustrating  the  point  at 
issue,  undue  favouritism  has  been  invoked  to  build  a  suitable 
foundation  for  a  reason  to  depart  from  the  orthodox  system,  but 
such  is  not  the  case,  for  examination  of  Figure  3B,  wherein  is 
delineated  the  comparative  rate  of  nitrates  accumulated  per  100 
grams  of  organic  matter  at  the  end  of  each  incubation  period  for 
the  four  soil  groups,  will  clearly  demonstrate  that  the  relative 
positions  of  the  factors  concerned  are  well  maintained. 

In  view  of  the  foregoing  observation,  it  is  the  opinion 
of  the  writer  that  the  disposition  of  the  four  virgin  soil  groups 
of  Alberta  in  relation  to  their  ability  to  form  nitrate  nitrogen 
is  as  graphically  presented  in  Figure  3B,  and  not  as  in  Figure  3A. 
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ihe  affect  of  the  Addition  of  fertilizers. 

ri'he  addition  of  a  chemical  compound  or  element  to  a 
complex  chemical  system  such  as  the  soil  solution  may  profoundly 
affect  its  original  state,  and  if  it  is  borne  in  mind  that  this 
system  conditions  the  activity  of  a  very  animate  population,  which 
is  obtaining  its  energy  from  the  soil's  organic  matter,  then  any 
change  in  that  environment  may  automatically  be  transmitted  to 
the  microbial  population  and  ipso  facto  their  products  of  metabolism. 

A  rather  good  illustration  of  the  effect  of  changed 
environment  occurred  during  last  summer,  i'he  media  which  the 
writer  had  been  using  for  isolating  fungi  had  given  characteristic 
results,  Figure  4  A,  and  owing  to  the  small  quantity,  remaining  in 
the  flask  not  being  sufficient  for  another  whole  series  of  plates, 
it  was  stored  for  about  six  months.  Occasion  then  demanded  its 
use,  but  instead  of  getting  the  characteristic  growth  there  appeared 
colonies  morphologically  dissimilar.  Figure  4  B.  At  the  time  of 
plating  out  the  odour  of  the  medium  was  foreign  to  the  normal 
substance,  and  although  it  was  kept  thoroughly  sterile,  there  had 
undoubtedly  taken  place  a  chemical  change  in  the  medium. 
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Plate  II.-  A  &  B 


Change  of  forms  or  groups  of  microorganisms 
due  to  change  in  chemical  environment. 
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we  are  concerned  with  the  effect  upon  biological 
activity  and  nitrification  of  the  addition  of  the  minerals 
mono-calcium  acid  phosphate,  calcium  carbonate,  ammonium 
sulphate,  and  nitrogenous  organic  matter  in  the  form  of 
dried  blood,  to  the  different  soils,  and  the  question  prises 
what  has  been  the  observed  effect  of  these  substances  upon 
physiological  activity  of  the  microorganisms. 

Phosphorus.  The  mechanism  of  the  beneficial  effect  of 
phosphorus  to  living  organisms  is  difficult  to  ascertain,  but 
this  much  is  known  from  experiment,  that  phosphates  are  essential 
to  cell  division. 

Calcium.  In  the  case  of  calcium,  too  little  is  known, 
but  the  suggestion  is  made  (59)  that  calcium  salts  of  proteins 
may  be  present  in  living  cells  but  not  as  a  constituent  of  the 
cell  protoplasm.  Apart  from  any  direct  effect  there  is  the 
indirect  one  of  soil  reaction  in  which  calcium  salts  act  as 
efficient  buffers  in  regulating  the  hydrogen  ion  concentration 
and  so  governing  within  certain  limits  the  activity  of  micro- 
organic  groups. 

Blood.  The  addition  of  blodd  provides  a  highly 
nitrogenous  organic  substance  for  microbial  attack.  In  addition 
to  the  nitrogen  compounds  there  are  a  number  of  other  organic 
and  inorganic  substances  (59)  such  as  fats  and  sugars,  (sources 
of  energy),  and  sodium,  potassium,  calcium,  etc.,  which  base¬ 
forming  elements  tend  to  neutralise  acids  resulting  from  the 
rapid  organic  decomposition.  Observation  of  Tables  9  and  10  (p, 
showing  the  results  of  nitrification  when  blood  alone  and  blood 
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and  caloium  oarbonate  were  added  respectively  to  the  soils 
point  markedly  to  the  ability  of  all  the  four  soil  groups  to 
■utilise  easily  decomposed  nitrogenous  material.  The  beneficial 
effect  of  the  base-forming  substance  is  apparent,  in  the  greater 
accumulation  of  nitrate  nitrogen  where  oaloium  oarbonate  has  been 
added,  with  the  exception  of  Prairie  soil. 

The  increase  in  nitrate  nitrogen  in  the  case  of  peat 
is  of  particular  interest  because  of  the  greater  stimulation  in 
the  process  of  nitrification,  and  the  fact  of  this  abundance 
appearing  in  the  sample  where  no  calcium  carbonate  had  been 
simultaneously  added  with  the  blood  may  be  attributed  to  the 
neutralising  effect  of  the  base  forming  compound  ammonia.  This 
result  at  least  establishes  the  fact  that  given  a  favourable 
environment  the  original  grouping  of  the  microorganisms  is  dis¬ 
placed  to  accord  more  nearly  to  a  condition  approaching  that  of 
a  fertile  soil,  and  in  fact  this  observation  is  confirmed  by  a 
comparison  of  cultures  grown  from  normal  peat  without  any 
chemical  treatment  as  a  control,  and  that  treated  with  blood, 
wherein  there  appeared  bacterial  colonies  morphologically  dis¬ 
similar. 

It  is,  of  course,  appreciated  that  this  increased 
formation  of  nitrate  nitrogen  may  possibly  have  been  derived 
from  the  blood  in  to  to,  but  the  point  is,  that  given  favourable 
conditions  nitrification  in  peat  is  extremely  active  and  that  the 
original  acid  condition  does  not  wholly  preclude  the  presence  of 
nitrifying  organisms,  which  it  has  been  previously  observed  are 
most  physiologically  active  in  a  neutral  or  slightly  alkaline 
medium. 
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Nitrification  in  Peat. 


effect  of  nitrogenous  organic  matter  in  peat,  in  eleven  weeks. 


UO3-H2  Total 

Total  nitrogen  accumulated  nitrogan 
in  100  gr.peat.  in  100  gr.  in  100  gr. 

peat.  dried 

_ _ _ blood. 

%  fo  % 


tio3-n2 

accumulated 
in  100  gr. 
peat  +  20  gr. 
dried  blood. 

% 


0.8 


0.002  11.5 


0.014 


Ammonium  sulphate.  Ammonium  sulphate  has  been  added 
to  the  Park  Belt  soil  to  obtain  what  is  called  its  "nitrifying 
power”,  which  means  the  amount  of  nitrate  nitrogen  produced  per 
unit  weight  of  soil.  The  results  are  quite  arbitrary  for  normal 
soil  conditions  are  displaced,  but  the  results  find  their  value 
in  a  comparative  sense  with  other  soils  under  similar  conditions. 
Under  normal  circumstances  ammonium  sulphate  is  so  decomposed 
that  an  acid  reaction  would  soon  develop  if  sufficient  base 
forming  elements  were  not  present  to  counter  this,  and  so  tend 
to  inhibit  the  process  it  was  intended  to  stimulate  for  nitrifi¬ 
cation  is  best  carried  on  in  a  neutral  or  slightly  alkaline 
medium.  To  obviate  this  calcium  carbonate  was  added. 
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Table  6.  -  Comparison  of  soils  under  different  treatments. 
Treatment  -  Water. 


Soil 

group. 

Hatio  organic  matter 
to  nitrate  nitrogen. 

Mgs .nitrate 
nitrogen  per 
100  gr.soil. 

Comparative 
value . 

Org.matter 

mgs. 

NOg-Ugmgs . 
per  g.  org. 
matter. 

Prairie 

1,724 

.58 

4.2 

77 

Park 

4.166 

.24 

6.6 

32 

Timber 

1,333 

.75 

16.7 

100 

Peat 

40,000 

.025 

2.3 

3 

Table  7.  -  Treatment  -  Phosphorus. 


Soil 

group. 

• 

Katio  organic  matter 
to  nitrate  nitrogen. 

Mgs .nitrate 
nitrogen  per 
100  gr.soil. 

:  Comparative 
value 

Org.matter 

mgs. 

lO^-Ngmgs . 
per  g.  or g. 
matter. 

Prairie 

1,613 

.62 

4.50 

100 

Park 

2,381 

.42 

11.54 

77 

Timber 

2,381 

.42 

9.38 

77 

Peat 

40,000 

.024 

2.21 

3 
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Comparison  of  soils  under  different  treatments  (continued). 


Table  8.  -  Treatment  -  calcium  Carbonate. 


Soil 

group. 

Ratio  organic  matter:  Mgs. nitrate 
to  nitrate  nitrogen.:  nitrogen  per 

:  100  gr.  soil. 

Comparative 

value. 

Org. matter 

UOs-Jttg  mgs. 

mgs. 

per  g. org; 

matter.  : 

Prairie 

1,449 

.69  !  5.00 

100 

Park 

2, 702 

.37  :  10.00 

50 

Timber 

2,702 

.37  :  8.2 

'  50 

Peat 

22,222 

.045  ;  4.2 

• 

• 

• 

1 

7 

Table  9.  -  Treatment  -  Calcium  Carbonate  and  Blood. 


Soil 

group. 

Patio  organic  matter 
to  nitrate  nitrogen. 

Mgs .nitrate 
nitrogen  per 
100  gr.  soil. 

Comparative 
value . 

Org. matter 

mgs. 

iJO^-Ng  mgs. 
per  g.org. 
matter. 

Prairie 

917 

1.09 

10.00 

20 

Park 

200 

5.00 

145.4 

100 

Timber 

526 

1.90 

45.7 

39 

Peat 

1,282 

♦  78 

72.7 

16 
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Comparison  of  soils  under  different  treatments  (continued). 


Table  10.  -  Treatment  -  Blood. 


Soil 

group. 

Ratio  organic  matter 
to  nitrate  nitrogen. 

Mgs.  nitrate 
nitrogen  per 
100  gr.  soil. 

Comparative 
value . 

Org. matter 

mgs. 

NOjj-Ng  mgs. 

per  g.org. 
matter. 

Prairie 

378 

2.61 

24.00 

55 

Park 

218 

4.58 

133.3 

100 

Timber 

606 

1}65 

40.0 

36 

Peat 

6,666 

.15 

13.70 

3 

Table  11.  -  Increase  in  the  accumulation  of  nitrates  and 
numbers  of  bacteria  when  ammonium  sulphate  was 
added  to  Park  Belt  soil. 


Period  of: 
Incubation 


Control 


m 

weeks. 


parts 
per 

million. 


Number  millions 
per  g.  of  soil. 


(NH4 )g  SO4 


H0,-Nn 

partif 

per 

million, 


Number  millions 
per  g.  of  soil. 


1 

2 

3 

5 

8 

11 


20.3 

50.0 

60.0 

46.9 

69.8 

100.0 


6.1 

3.0 

1.5 

3.0 

1.5 

10.5 


24.4 

72.7 

271.1 

355.5 

410.0 

516.0 


7.8 

7.5 

1.5 
3.2 
0. 
6.0 
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It  is  very  obvious  from  the  figures  given  in  'fable  11 
that  the  addition  of  ammonium  sulphate  stimulated  nitrification 
throughout  the  whole  experimental  period.  The  additive  effect 
of  easily  assimilable  nitrogenous  material  is  apparent  too  in  the 
initial  inorease  in  bacterial  numbers;  and  then  the  crux  of  the > 
significance  of  this  treatment  is  revealed  in  the  range  of  the 
particular  soil  to  decomposed  nitrogenous  material,  indicating  that, 
other  factors  being  equal,  the  balance  of  groups  of  the  micro¬ 
organisms  of  the  Parkland  soil  is  actively  maintained  and  conducive 
to  a  fertile  environment  for  plant  growth. 

In  endeavouring  to  interpret  the  figures  resulting  from 
chemical  treatment  we  cannot  assume  that  any  increment  or  decrease 
in  any  factor  measured  is  directly  attributable  to  the  added 
substance,  seeing  that  the  addition  of  a  definite  quantity  to  the 
four  soils  might  be  sufficient  to  cause  beneficent  results  in  one, 
whereas  it  might  depreciate  the  same  factor  in  another,  but,  on 
the  other  hand  a  half  of  the  quantity  might  give  effective  results. 

The  effect  of  the  different  treatments  on  nitrification 
is  set  forth  in  Tables  6-11  inclusive,  and  the  biological  data 
are  included  in  the  tabulation  of  the  whole  of  the  results  as  shown 
in  Table  15,  p.7Q. 

It  is  evident  from  these  results  that  there  is  no  dearth 
of  nitrate  nitrogen  in  our  mineral  soils  when  it  is  considered  that 
approximately  58  pounds  of  nitrate  nitrogen  per  acre  are  required 
to  produce  a  thirty  bushel  crop  of  wheat,  but  a  similar  condition 
does  not  pertain  to  our  peat  soils,  When  a  comparison  is  made  of 
the  nitrogen  content  of  the  mineral  soils  and  peat,  see  Table  1, 
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p.  15.  It  will  "be  at  onoe  obvious,  that  if  only  .8  grams  of 
nitrogen  is  contained  in  93.13  grams  of  organic  matter  as 
opposed  to  .9  grams  of  nitrogen  in  27  grams  of  organic  matter 
in  the  Park  Belt  soil,  there  is  the  probability  of  nitrogen  soon 
becoming,  if  it  is  not  already  so,  a  limiting  factor  in  crop 
production.  Then  again,  the  fact  must  not  be  lost  sight  of  that 
the  nitrogen  content  of  equal  volumes  of,  say,  Park  Belt  soil 
and  peat,  is  even  more  divergent  than  when  calculated  on  a 
percentage  basis.  It  might  be  objected  that  upon  the  addition 
of  calcium  carbonate  there  was  a  reasonable  amount  of  nitrates 
formed  but  it  must  be  appreciated  that  the  specific  gravity  of 
peat  would  necessitate  spreading  this  over  a  much  wider  area 
than  would  be  covered  by  an  analagous  quantity  of  mineral  soil, 
and  that  the  rate  of  nitrate  productivity  is  only  one-seventh 
that  of  the  lowest  of  our  mineral  soils  in  the  calcium  treated 
sample,  also  the  addition  of  calcium  carbonate  to  acid  peat  causes 
sooner  or  later  denitrification  (51)  which  is  very  forcibly 
demonstrated  in  this  experiment  after  the  first  week’s  incubation. 

Prom  this  the  writer  gathers  that  there  is  a  much  smaller 
proportion  of  nitrogenous  organic  matter  present  per  unit  of 
material  and  that  its  release  is  either  limited  by  this  fact  (its 
effect  upon  physiological  activity  of  microorganisms ) ,  or  if  it  is 
released  its  subsequent  formation  into  nitrate  nitrogen  is  inhibited 

owing  to  the  peculiar  microbial  population  which  assimilates  ammonia- 

With 

cal  compounds.  Athis  ambiguous  condition  before  us,  it  was  thought 
desirable  to  investigate^  the  matter  further  with  a  view  of  endeavour¬ 
ing  to  correlate  another  factor  along  with  the  nitrate  radical  so  as 


-  CiC  - 


•  ;  ■  ed  in*  n  3£ 

..  .;s,  o . •  to  ■:  ?I.se  f) ©cris^noo  el  aeho:tln 

' 

■  ■  l  ■ 

-  '  '  '  .3  •'  ' 

-  ,  •  ■  ;  '  ' 

-m'grevl  . 

■  ■  ..  i  ■  i 

:  t  %  ■■ 

■  ■  •  c  •  •  -  .  f  -  ■  i  ’ 

? 

;  -  ->±  .t.Liw  (  T*)  no  1  oivlxtinefi  to  TsrcooB 

<;i  .  r--;;.-:  '  .  -  '  ,  '  •  '  •  -l  :  '  -  ‘ 

' 

' 

)  '  '  ‘  iC  0 


’ 

..  1  .  .*  .v:  iv  •  .£■  •  :  ''  :  d’/o 

i 

t  saw  ,  sir  ctoId  a  no  id  f.  5noo  8  no  ss%  i.  . ’:,or  .  :-o  •;  oo  iso 

' 

-  £3- ’  ■  '  l  •  t  sd  .srxoo  3«i 


40 


to  ascertain  whether  decomposition  was  active  in  spite  of  lack 
of  nitrate  production.  Seeing  that  "biological  activity  is  one 
of  the  primary  factors  concerned  in  decomposition,  it  appeared 
logical  to  suppose  that  a  measure  of  oxidation  would  reflect  a 
condition  of  disintegration  of  organic  matter,  and  with  this  in 
view  a  preliminary  survey  was  made  upon  the  feasibility  and 
significance  of  measuring  the  carbon  dioxide  evolved  from  the 
decomposition  of  peat,  which  forms  the  second  part  of  this  thesis. 


Decomposition  of  Peat  Measured  by  Carbon  Dioxide. 

The  peat  that  has  been  used  throughout  this  part  of  the 
experiment  was  obtained  last  fall  from  a  drained  bog  situated 
along  the  Stony  Plain  Hoad  about  seven  miles  west  of  Sdmonton. 

It  is  featured  by  a  covering  of  sphagnum,  intermingled  with  which 
is  he durn  groenlandicum  as  the  dominant  shrubby  ericaceous  plant, 
and  a  sparse  forest  growth  of  Larix  and  Picea  sp. 

In  the  reclamation  of  peat  bogs  drainage  would  be 
resorted  to  as  a  primary  condition,  which  would  mean  that  in  the 
utility  of  the  peat  for  agricultural  purposes  the  "subsoil"  or 
the  mineral  foundation  upon  which  this  vegetation  is  resting 
must  play  an  important  part  along  with  the  organic  material  in 
creating  a  suitable  environment  for  microorganic  activity,  so  it 
was  thought  desirable  to  make  a  profile  of  a  typical  section, 
take  samples  of  each  horizon,  and  analyse  them  for  calcium,  carbon, 
and  nitrogen. 
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It  is  a  well  known  fact  that  the  organic  matter  of  the 
mineral  soil  soon  loses  its  definite  plant  structure,  a  reflection 
of  decomposition,  hut  that  of  peat  is  definite  and  discrete  having 
all  the  earmarks  of  living  vegetation* 


Plate  III.  Photomicrograph  of  stainless  preparation  of 
organic  matter  from  peat.  Note  definite 
structure.  X1200 
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Analyses  of  Peat  Profile. 

It  will  “be  observed  from  Table  12  that  there  are  three 
distinctive  layers  of  organic  matter,  each  conforming  to  a  differ¬ 
ent  oarbon  nitrogen  ratio,  not  in  the  form  of  a  smooth  gradient 
from  the  surface  to  the  interior  as  one  might  suppose, but  rather 
presenting  a  condition  that  suggest  we  must  look  at  some  other 
factors  in  juxtaposition  to  the  lowest  layer  of  organic  matter  for 
an  explanation  why  such  a  relatively  low  carbon  nitrogen  ratio  at 
the  extreme  interior  of  the  peat  bed  can  exist.  Bearing  in  mind  the 
faot  that  we  are  dealing  with  a  drained  bog  in  which  no  gravitational 
water  is  present  in  the  organic  matter,  there  exists  throughout  the 
peat  a  free  interchange  of  soil  and  atmospheric  gases  a  condition, 
although  in  itself  a  prime  factor  of  aerobic  decomposition,  cannot 
explain  the  wide  carbon  nitrogen  ratio  of  the  intermediate  layer, 
but  observation  of  the  calcium  content  of  the  mineral,  subsoil 
suggests  to  the  writer  that  the  calcium  of  the  layer  adjacent  to 
the  lowest  peat  stratum  has  played  an  important  part  in  furthering 
decomposition  of  that  layer  by  neutralising  the  acidic  conditions 
therein  and  so  creating  a  more  favourable  environment  for  biological 
activity.  There  is  then  the  rather  interesting  fact  which  suggests 
that  decomposition  is  taking  place  from  opposite  directions,  a  con¬ 
dition  substantiated  by  the  carbon  nitrogen  ratios  of  the  different 
layers  of  organic  matter.  We  see  here  the  possible  significance 
of  the  part  that  the  mineral  subsoil  may  play  in  a  system  to  create 
a  suitable  environment  for  the  growth  of  higher  plants,  and  the 
position  it  must  occupy  in  any  consideration  involving  the  fertility 
of  our  peat  deposits. 
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C i reams ta no es  at  the  time  of  sampling  were  opposed  to 
making  a  biological  study  of  these  different  strata. 


Table 

12.  - 

Analyses 

of  Peat  Profile. 

Vertical 

Formation 

Depth 

Carbon 

Nitrogen 

c/u 

Calcium 

Water 

in. 

fo 

fo 

1o 

i 

Fairly  dark 
colour. 

Partially 
decomposed  peat. 

7 

43.4 

1.31 

1:33 

.71 

79.11 

Light  colour; 

Raw  peat. 

4 

41.1 

.95 

1:43 

1.22 

90.96 

Darker  in  colour 
than  top  layer. 

12 

39.1 

H 

CO 

o 

1:22 

3.20 

86.30 

Sub-Soil 
{ Gradation1  from 
granular  structure 
to  firm  clay. ) 

Considerable  dry 

material  admixed.  12  -  0.11  .85  25.44 


Trace  of  organic 

matter.  12  -  0.05  2.35  24.63 


No  organic 

matter.  12  -  0.02  -  3.25  20.28 


Carbon  was  determined  by  the  Liebig  combustion  method. 
Moisture  calculated  on  wet  basis. 
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Is  nitrogen  a  limiting  element? 

ri.’he  results  of  the  experiment  regarding  the  rate  of 
nitrification  of  peat  as  well  as  the  limited  amount  of  nitrogen 
per  gram  of  organic  matter  present  compared  to  that  in  the 
organic  of  the  mineral  soils,  indicated  that  nitrogenous  substances 
were  not  readily  available.  fhese  conclusions  were  subsequently- 
confirmed  by  the  results  of  the  carbon  nitrogen  analyses , which 
showed  an  extremely  wide  C/N  ratio  compared  to  mineral  soils  even 
where  decomposition  had  been  most  active  in  the  peat. 

From  previous  studies  of^8 microbial  population  of  peat 
it  was  observed  that  the  dominant  group  was  fungi,  which,  under 
suitable  conditions,  are  very  active  in  cellulose  decomposition, 
but  when  the  relatively  enormous  quantity  of  organic  material  per 
unit  of  peat  soil  is  considered,  the  micro organic  numbers  are 
small.  fI'he  numbers  are  limited  amongst  other  things  by  the 
unavailability  of  nitrogen;  the  addition  of  this  element  would 
stimulate  physiological  activity,  which  would  be  reflected  in  the 
decomposition  of  organic  matter,  with  a  consequent  release  of 
nitrogenous  substances,  which  would,  under  suitable  conditions, 
be  metabolised  into  nitrate  nitrogen  for  assimilation  by  vegetation. 

i'his  suggested  that  it  would  be  necessary  to  add  some 
form  of  easily  decomposable  nitrogenous  material  and  it  occurred 
to  the  writer  that  fixation  of  atmospheric  nitrogen  might  be 
possible  under  certain  conditions. 

Fixation  of  free  atmospheric  nitrogen  in  solution. 

Our  first  concern  then  was  to  provide  a  suitable 
environment  for  the  culture  of  free  nitrogen  fixing  organisms 
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which  had  previously  been  isolated  from  the  field  immediately 
north  of  the  Agricultural  Building.  Ashby  (  3  )  found  that 
dextrose  provided  an  excellent  source  of  energy  for  these  Bacteria, 
and  as  numerous  experiments  (57)  have  demonstrated  the  possibility 
of  obtaining  monosaccharides  by  hydrolysis  of  cellulose,  a  series 
of  experiments  were  carried  out  with  Marquis  wheat  straw  and 
phosphoric  acid, of  variable  concentrations,  in  an  endeavour  to 
obtain  reducing  sugars  suitable  as  a  source  of  energy  for  free 
nitrogen  fixing  organisms.  Observation  of  fable  13  shows  that 
there  was  in  increment  in  reducing  sugars,  expressed  as  dextrose, 
for  each  increase  in  the  concentration  of  phosphoric  acid. 


‘fable  13.  -  Reducing  sugars  in  100  grams  Marquis  wheat  straw. 


Phosphoric  acid 
(%p°4) 


fo 

0.00 

0.45 

1.00 

2.00 

3.00 

4.00 

5.00 


Grams  of  reducing 
sugars  per  100  gr. 
of  straw. 

fo 

3.12 

3.60 

4.05 

5.07 

5.28 

5.47 

5.68 


Determination  by  Bertrand  method. 


though  these  results  were  encouraging  it  was  necessary 
to  test  the  efficiency  of  the  reducing  sugars  as  a  source  of 
energy  for  the  microorganisms  by  inoculating  with  the  specific 
bacteria  a  series  of  the  respective  sugar  solutions  and  incubating 
for  32  days. 
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b  c 


Plate  IV.  Isolation  of  atmospheric  nitrogen  fixing  organisms, 
(a)  Isolation  of  crude  cultures  in  Dextrose-nutrient 
Salt  Solution.  The  circular  colonies  shown  were 
taken  out  of  flask  and  slide  (b)  Azotobacter  made 
under  sterile  conditions,  (c)  A  characteristic  growth 
of  Azotobacter.  b  &  c  photomicrograph  magnification 
£1200 • 
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Three  such  series  in  all  were  carried  out,  hut  the 
result  of  the  first  prompted  the  utilization  of  the  method  and 
the  subsequent  two  series  were  made  as  confirmatory  tests  of  the 
initial  one.  reference  to  Figure  4  (p,47a)  indicates  that  free 
atmospheric  nitrogen  fixation  was  an  accomplished  fact,  and 
steadily  increased  with  each  increment  of  reducing  sugar  corres¬ 
ponding  to  the  percentage  acid  solution.  It  was  not  possible 
to  analyse  the  solutions  at  the  end  of  the  incubation  period 
and  to  calculate  the  rates  between  the  sugar  -  energy  -  metabolized 
and  nitrogen  fixed,  but  the  significance  of  this  biological 
phenomenon  is  that  given  available  energy  in  the  form  of  assimil¬ 
able  carbohydrates  and  absence  of  nitrogenous  material,  free 
atmospheric  nitrogen  is  fixed  as  cellular  protein. 

Evolution  of  carbon  dioxide  a  measure  of  decomposition. 

Satisfied  then  that  the  straw  filtrate  contained  the 
energy, and  nitrogen  fixation  was  an  accomplished  fact,  the  filtrate 
resulting  from  the  Z °/o  acid  hydrolysis  of  straw  was  introduced  into 
the  incubation  chamber,  and  the  main  experiment  commenced  of 
measuring  the  carbon  dioxide  evolved  daily  over  a  period  of  two 
weeks . 

In  all  instances  where  inorganic  salts  were  added  there 
was  a  marked  increase  of  carbon  dioxide  over  the  control,  and  in 
cases  where  organic  substances  were  added  the  increases  were 
accentuated.  This  latter  condition  is  not  difficult  to  understand 
in  the  light  of  the  fact  that  under  normal  conditions  there  is  an  un- 
appreciable  amount  of  easily  assimilable  food  substances  for 
microbial  attack,  but  the  addition  of  sugars  furnishes  available 
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energy,  the  assimilation  of  which  is  reflected  in  increased 
amounts  of  carbon  dioxide  evolved. 

uarbon  dioxide  and  bacterial  numbers. 

It  had  been  observed  in  the  nitrification  experiment 
that  there  were  conditions  peculiar  to  biological  activity.  We 
saw,  for  instance,  that  there  was  a  constant  rhythm  of  bacterial 
numbers,  and  seeing  that  this  condition  reflects  the  expenditure 
of  energy  there  should  be  a  fluctuating  reflection  in  carbon 
dioxide  evolution  a  condition  found  by  Russell  and  Appleyard  (53  ) 
which  should  be  relatively  constant  for  the  treatment  under 
experiment. 

Reference  to  Figure  5,  wherein  a  graphical  representation 
of  carbon  dioxide  evolved  is  made  of  the  treatment  giving  maximum 
readings  as  against  the  control,  from  which  it  is  apparent  that 
the  factor  responsible  moves  in  a  definite  cycle  comparable  to 
variations  in  bacterial  numbers. 

Granted  then  that  carbon  dioxide  plays  a  primary  part 
in  soil  economics,  as  an  indicator  of  decomposition  of  organic 
matter,  making  soluble  other  essential  substances  as  well  as 
augmenting  the  atmospheric  carbon  dioxide,  and  so  increasing 
photosynthesis  (37)  which,  however,  is  limited  by  certain 
external  factors  (  ),  the  fact  must  not  be  lost  sight  of  that 

nitrate  nitrogen  must  always  be  readily  available,  for  any  process 
that  is  conditioned  by  several  factors  the  rate  of  growth  is 
limited  by  the  speed  of  the  lowest  one  (  8). 

Neither  must  we  be  blind  to  experimental  facts  which  have  shown 
that  certain  food  substances,  for  instance  carbohydrates  and 
proteins,  may  be  interchangeable  for  energy  purposes,  the  decompo- 
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sition  of  the  nitrogenous  material  "being  at  a  minimum  in  the 
presence  of  easily  assimilable  carbohydrates  (32).  In  these 
circumstances  a  high  amount  of  carbon  dioxide  would  be  evolved 
and  yet  the  soil  conditions  remain  infertile. 

Carbon  dioxide  and  nitrate  nitrogen  -  affeot  of  treatment. 

reference  to  Table  14  shows  the  relation  between  carbon 
dioxide  and  nitrate  nitrogen  for  the  different  treatments  at  the 
end  of  fourteen  days.  In  the  instance  where  the  uninoculated 
sample  receiving  nutrient  salts  and  calcium  carbonate  resulted 
in  an  appreciable  increase  of  nitrate  nitrogen,  it  will  be 
observed  that  the  total  carbon  dioxide  evolved  is  less  than  in 
its  inoculated  counterpart,  which  also  showed  a  much  smaller 
accumulation  of  nitrate  nitrogen.  This  may  be  accounted  for  by 
the  fact  that  the  nitrifiers,  bacteria  responsible  for  nitrate 
formation,  utilize  only  the  carbon  of  carbon  dioxide  for  cellular 
material. 

The  addition  of  straw  filtrate  resulted  in  a  very  marked 
increase  in  carbon  dioxide  and  nitrate  nitrogen  over  the  control, 
but  it  must  be  observed  that  there  is  not  any  appreciable  differ¬ 
ence  between  the  nitrate  nitrogen  of  this  and  that  where  nutrient 
salts  and  calcium  carbonate  were  added,  which  condition  emphasizes 
the  fact  that  the  ratio  carbon  dioxide/nitrate  nitrogen  may  be 
greatly  displaced  by  the  addition  of  an  easily  assimilable  carbon¬ 
aceous  nutrient.  This  condition  suggests  the  importance  of 
establishing  a  narrow  carbon  nitrogen  ratio  in  peat,  and  any  enorb 
which  tends  to  effect  this  is  a  step  towards  fertility.  This  fact 
may  not  be  apparent  immediately,  for  observation  of  the  treatment 
of  ammonium  sulphate  and  calcium  carbonate  has  resulted  in  no 
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Table  14*  **  Peat  under  different  chemical  treatments: 


Carbon  Dioxide  evolved  &  Nitrate  Nitrogen  accumulated  in  14  days 

>  srrammiftH  n-r  Dost..  " ° 


CON' 

1 

:rol 

2 

CaC' 

2 

’3 

_ 4 

CaCO; 

Nutrient 

and 

Salts 

6 

Nutrient 

.  I  1 

>  Salts 

L_  8 

CaC0z  & 

i“4K 

9  *  10 

Carbohydrate 

(Sugars) 

11  „  12 

Carbohydrate 

Starch  &  Diastase) 

.  u  . 

Carbon 

Dioxide 

mg* 

595-20 

703-54 

732.27 

711*21 

662.25 

789*94 

755*42 

778*77 

648.63 

751*81 

1074*98 

1034  *44 

863.97 

823»98 

Parts  pei 
Million 

nq5-  n2 

36.05 

35*40 

40.55 

39.05 

45.75 

37*70 

33*95 

35.20 

36.05 

31.80 

47.45 

47.15 

33.80 

37*90 

Odd  numbered  samples  uninoculated. 

Even  numbered  samples  inoculated  with  mixed  cultures  free  nitrogen 
fixing  organisms. 
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increase  in  nitrate  formation,  a  result  that  is  traceable  to  the 
microbial  population  peculiar  to  the  peat  under  investigation, 
for  any  nitrate  nitrogen  formed,  as  well  as  the  ammonia  of  the 
ammonium  sulphate,  may  be  utilized  by  the  microorganisms. 

Mi cro organisms  of  peat  and  reaction  to  treatment. 

From  our  previous  investigation  of  the  biology  of  peat 
the  evidence  is  convincing  that  the  microbial  population  is  wholly 
different,  at  least  in  dominant  groups,  to  that  of  mineral  soils. 

It  will  be  observed,  for  instance,  that  there  is  present  a  dominant 
fungoid  population,  which,  reflects  a  very  wide  range  of  adaptability 
to  acidity,  but  because  of  the  decidedly  acid  nature  of  peat  it 
predominates . 

Fungi  of  the  soil  can  assimilate  various  carbohydrates 
and  most  species  can  obtain  their  energy  from  cellulose,  in  which 
respect  they  differ  from  many  bacteria  (5  ),  and, on  the  other  hand, 
they  can  readily  assimilate  ammonia  and  nitrates,  but  have  no 
power  to  oxidize  ammonia  to  nitrates  (51).  It  is  not  difficult  to 
see  then  why  the  addition  of  ammonium  sulphate  had  no  effect  on 
nitrate  production  during  the  time  of  the  experiment,  but  it  must 
ultimately  tend  to  narrow  the  c/U  ratio  by  becoming  incorporated 
as  microbial  protoplasm. 
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Plate  1.  Plate  Cultures  from  Peat, 

(a)  Total  "bacterial  counts, 

(To )  Actinomyces. 

( c  )  Fungi . 
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‘i'he  fixation  of  free  atmospheric  nitrogen  by  mixed 
cultures  of  the  specific  organisms  in  the  filtrate  treatment 
could  not  be  definitely  established  owing  to  the  short  duration 
of  the  experiment. 

Control.  Treated  sample. 

Total 

nitrogen.  .8$  .87$; 

but  the  inorease  is  suggested,  although  not  necessarily  significant, 
owing  to  the  complexity  of  the  organic  material  with  which  we  are 
dealing.  A  qualitative  test  for  nitrogen  fixing  organisms  showed 
their  presence  in  all  the  incubated  samples  excepting  the  control. 
There  is  no  question  that  the  addition  of  the  carbohydrate  had  a 
beneficial  effect  seeing  that  nitrates  accumulated,  and  the  rate  of 
carbon  dioxide  evolution  was  greatly  accelerated. 

From  our  previous  discussion  it  is  obvious  that  in  peat 
soil  we  have  to  contend  with  a  microbial  population  which  is 
antagonistic  to  soil  fertility,  and  the  question  naturally  arises, 
has  the  addition  of  the  various  chemical  substances  had  any  in¬ 
fluence  on  the  dominancy  of  the  microorganic  groups?  To  answer 
this  question  all  the  different  treatments  were  plated  out  in 
triplicate  on  specific  media  for  the  isolation  of  (a)  bacteria, 

(b)  fungi,  and  (c)  actinomyces;  and,  in  no  instance,  was  there 
any  change  in  the  numbers  or  groupings  of  specific  colonies  from 
that  of  the  control;  which  leads  the  writer  to  suggest  that  although 
nitrate  acoumulation  was  an  established  fact  in  one  or  two  cases, 
it  would  not  necessarily  be  permanent  but  rather  transitory,  owing 
to  the  addition  of  substances  which  initially  displaced  that 
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■biological  condition  which  reflects  the  history  of  a  very  stable 
environment,  and  that  sooner  or  later  competition  for  nitrate 
nitrogen  would  set  in  between  mioroorganic  and  plant  growth. 

It  is  an  established  fact  that  nitrates  accumulate,  and  later 
disappear,  when  peat  is  treated  with  calcium  carbonate  (51),  a 
condition  also  confirmed  in  our  own  experiment. 

Carbon  dioxide  as  a  measure  of  fertility.1 

In  mineral  soils  the  measure  of  carbon  dioxide  may  be 
used  in  grading  their  fertility  (71),  and  although  in  peat  we 
are  dealing  with  an  abnormal  plant  environment,  it  was  thought 
desirable  to  test  out  the  practicability  of  the  method  in  respect 
to  the  sample  which  had  been  modified  by  the  addition  of  the 
simple  carbohydrate  resulting  from  the  treated  straw. 

Definite  quantities  of  peat  (200  grams)  were  weighed 
into  earthenware  crocks,  the  necessary  constituent  added,  and 
in  each  was  planted  a  dozen  Victory  oat  seeds.  ri'he  crocks  we  re 
placed  in  the  greenhouse  and  subjected  to  controlled  conditions 
as  regards  temperature,  light  and  water.  Germination  was  even 
and  rapid  in  each  container,  but  in  a  very  short  time  a  variation 
became  apparent,  probably  immediately  after  the  seed  had  become 
exhausted  of  food.  Dos.  1  and  5  showed  very  little  growth,  the 
culms  remained  spindly  and  the  colour  of  the  vegetation  indicated 
a  lack  of  nitrogen,  fhe  remainder  showed  progressive  growth,  but 
Nos.  3  and  4  gradually  exceeded  No.  2,  and  the  colour  of  the 
formers’  vegetation  was  analogous  to  vegetation  growing  in  a 
normal  habitat;  but  it  soon  became  evident  that  there  was  some 
condition  interfering  with  the  normal  plant  metabolism  of  Nos. 

3  and  4,  for  the  tips  of  the  plants  began  to  fade  from  the  apex 
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down,  whioh  condition  suggests  a  lack  of  potassium,  a  condition 
which  is  prevalent  in  some  of  the  muskegs  of  the  United  States. 
(17). 

It  is  interesting  to  note  that  as  a  result  of  our 
preliminary  investigation  of  the  decomposition  of  peat  hy  the 
carbon  dioxide  method,  there  is  indicated  an  apparent  lack  of 
potassium,  a  condition  of  which  we  had  previously  no  evidenoe. 
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Plate  'Vi. 

Ho.  1  =  Control. 

Ho.  2  =  +  CaC05 . 

Ho.  5  =  Filtrate  from  hydrolysed  straw  +  CaCO^ 

+  nutrient  solution. 


Ho  .  4  =  n  n  TT  IT  It  TT 

Ho.  5  =  Hutrient  Solution. 


Photo  does  not  show  dis tinguishing  colours  of  vegetation.  Hos. 
1-2  &  5  are  very  light,  but  Hos.  3  &  4  are  quite  normal  except 
that  numerous  leaves  have  died  back  from  the  tips  and  others  are 
becoming  mottled  from  apex  downwards.  If  this  had  not  occurred 
vegetation  in  Hos.  5  8c  4  would  have  been  very  profuse  as  compared 
with  the  others;  the  culms  are  also  much  thicker  and  stronger  and 
the  leaves  broader  than  Ho.  2 
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SUKMARY. 

1  •  Pour  soil  groups  of  Alberta  have  been  subjected  to  speoifio 
treatments  and  incubated  under  laboratory  conditions  for 
definite  periods  of  time. 

2.  A  measure  of  biological  activity,  i.e.,  baoterial  numbers, 
ammonification  and  nitrification,  has  been  made  and  recorded. 

3.  Where  the  optimum  quantity  of  water  was  added,  there  was  a 
direct  relationship  between  the  organic  matter,  bacterial 
numbers  and  nitrification. 

4.  A  definite  inverse  relationship  is  shown  between  the  number 
of  microorganisms  per  gram  of  organic  matter  and  the  total 
organic  matter  in  100  grams  of  soil. 

5.  An  explanation,  involving  a  fundamental  concept  in  soil 
bacteriology  is  suggested  to  account  for  the  fertility  pf 
semi-arid  soil  (Prairie). 

6.  The  Soil  Groups ,  Timber,  Prairie,  Park  and  Peat,  under 
optimum  moisture  conditions,  are  arranged  in  a  definite 
order  of  nitrifying  power. 

7.  Hesults  of  nitrification  in  the  soil  groups  under  different 
fertilizer  treatments  are  tabulated  and  the  soils  arranged 
in  their  order  of  nitrifying  power. 
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8.  Experimental  evidence  supports  the  faot  that  nitrogen  is  a 
limiting  element  in  the  peats  under  experiment. 

9.  The  beneficent  effect  of  blood  on  peat  is  particularly 
outstanding. 

10.  A  profile  has  been  made  of  a  peat  bog,  the  surface  layer  of 
which  has  been  used  in  decomposition  studies  by  measuring 
the  carbon  dioxide  evolved.  c/N  ratios  of  three  strata  of 
this  profile  have  been  made,  a  preliminary  investigation  of 
the  possibilities  of  induced  decomposition  of  peat  by  fixation 
of  atmospheric  nitrogen  by  biological  agency  has  been  attempted; 
there  is  no  conclusive  evidence  of  nitrogen  fixation. 

Measurements  of  carbon  dioxide  evolved  from  decomposition  of 
peat  under  different  treatments  have  been  made,  which  indicate 
enhanced  decomposition  in  certain  instances. 

11.  The  microorganisms  of  peat  and  mineral  soils  are  shown  to  be 
wholly  divergent  in  dominant  groups. 

12.  As  a  result  of  the  carbon  dioxide  studies  certain  of  the 
treatments  were  utilized  and  studied  in  connection  with 
plant  growth,  which  indicated  that  potassium  might  be  a 
limiting  factor. 
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CONCLUSIONS , 

Organio  matter,  I.Iioro organ! sms  and  Nitrate  Nitrogen, 
are  interrelated  factors,  and  are  indicative  of  a  condition  of 
fertility,  The  measurement  of  the  relative  rates  at  which 
definite  quantities  of  different  soils  form  nitrates  in  a 
definite  period  of  time  should  he  based  upon  the  unit  of  organic 
matter  present.  *l'he  fertility  of  soils  is  explainable  on  that 
basis . 

Any  addition  to  the  soil  which  displaces  this  relation¬ 
ship  would  sooner  or  later  be  opposed  to  fertility,  but  the 
divergence  of  these  factors  permissible  for  a  fertile  soil  is 
dependent  upon  the  rate  at  which  nitrate  nitrogen  is  made  avail¬ 
able  to  the  growing  plant,  which  is  something  we  do  not  know. 

iixperi mental  evidence  suggests  a  reason  for  the  fertility 
of  our  Prairie  soils  which  are  so  relatively  low  in  organic  matter. 

The  disparity  between  the  organic  matter  content  and 
the  volume  of  equal  quantities  of  mineral  soils  and  peat,  as  well 
as  the  inferior  percentages  of  nitrogen  in  the  latter,  do  not 
permit  of  any  comparisons  being  made  in  relation  to  nitrification; 
but  if  comparisons  are  made  on  equal  organic  matter  contents,  then 
the  inferiority  of  peat  in  relation  to  total  nitrogen  content  as 
well  as  rate  of  nitrification  is  definitely  developed  and  points 
to  two  reasons  for  infertility. 

The  constantly  increasing  numbers  of  bacteria" of  the 
Prairie  soil  for  each  period  of  incubation,  as  opposed  to  the 
condition  of  constant  flux  of  the  others  for  a  greater  number  of 
periods,  suggest  the  necessity  of  frequent  bacterial  counts. 
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Vhe  fralue  of  a  narrow  c/jj  ratio  is  seen  in  the  blood 
treatment  of  peat;  nitrates  accumulated  and  initial  biological 
groupings  were  displaced  to  more  nearly  coincide  with  those  of 
a  fertile  mineral  soil. 

From  these  studies,  as  a  generalization,  it  might  be 
observed  that  the  quantity  of  organic  matter  has  an  important 
bearing  upon  its  rate  of  decomposition,  and  consequently  longevity 
of  fertile  soil:  For  instance  - 

(a)  Low  amount  of  organic  matter  and  fertile  soil,  indicates 
rapid  oxidation  of  organic  matter,  large  bacterial  numbers 
per  gram  of  organic  matter,  rapid  rate  of  nitrification 

per  gram  of  organic  matter,  and  a  short  period  of  fertility, 
for  example,  Prairie  soils.  ri'he  duration  being  conditioned 
primarily  by  rainfall. 

(b)  Intermediate  amount  of  organic  matter  as  compared  with 
peat,  and  fertile  soil  indicates  less  rapid  oxidation  of 
organic  matter,  smaller  bacterial  numbers  per  gram  organic 
matter,  less  rapid  rate  of  nitrification  per  gram  organic 
matter,  and  longer  period  of  fertility,  for  example,  Park 
Belt,  Timber. 

(c)  High  amount  of  organic  matter  and  non-fertile  soil,  indicates 
low  rate  of  oxidation  of  organic  matter,  very  small  bacterial 
numbers  per  gram  organic  matter,  extremely  low  rate  of 
nitrification,  and  indefinite  period  of  low  fertility;  and 
these  three  conditions  reflect  the  correlation  Organic 
Matter-Biological  Uumbers-IJitrification. 

The  measurement  of  carbon  dioxide  alone  from  raw  peat 
cannot  be  used  as  an  index  of  fertility  because  the  dominant 
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groups  of  microorganisms  present  are  opposed  to  that  condition. 

When  carton  dioxide  measurements  are  supplemented  by 
bacterial  plate  oounts,  a  condition  of  fertility  is  indicated. 

Increased  nitrate  nitrogen  accumulation  and  increased 
carbon  dioxide  shortly  after  treatment  do  not  necessarily  indicate 
increased  fertility;  the  microorganio  population  may  be  suoh  as  to 
later  cause  keen  competition  with  higher  plants  for  nitrate 
nitrogen. 

The  dominancy  of  the  fungoid  population  must  be  displaced 
by  creating  conditions  which  will  permit  the  ascendency  of  bacterial 
groups.  This  may  be  accomplished  by  the  addition  of  simple  carbo¬ 
hydrates  such  as  dextrose. 

The  results  of  narrowing  the  o/K  ratio  may  be  indicated 
by  a  comparison  between  the  three  factors:  (1)  bacterial  numbers, 

(2)  carbon  dioxide,  (3)  nitrate  nitrogen  of  the  control  and  treated 
sample.  There  is  an  indication  that  at  least  another  limiting 
factor  -  potassium  -  is  present  in  peat. 
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AGKNOV/LxilDGI.^IJTS. 

To  apply  the  fundamentals  of  soientifio  agriculture 
necessitates  a  knowledge  and  appreciation  of  the  significance 
of  those  phenomena  which  it  is  customary  to  segregate  under  the 
caption  -  natural  sciences.  To  those  gentlemen  of  the  Departments 
of  Bacteriology,  Botany,  Chemistry  and  Geology,  of  this  University, 
who,  through  their  able  interpretation  of  natural  phenomena, have 
inculcated  in  me  an  enthusiasm  for  a  deeper  understanding  of  the 
maize  of  "biological  activity,  I  desire  to  take  this  opportunity 
to  say  ’Thank  you1. 

To  Dr.  Bohert  Newton  who,  by  his  thorough  elaborations 
of  the  laws  of  those  closely  allied  sc iences , Botany  and  Chemistry, 
presented  to  me  in  one  of  my  courses  in  my  senior  undergraduate 
year,  oriented  scientific  agriculture  to  a  plane  rightfully  its 
own,  I  wish  to  extend  these  f ew  words  of  appreciation. 

The  problem  for  investigation  -  The  Biological  and 
Chemical  Activities  of  Alberta  Boils  -  was  suggested  by  Dr.  F.A. 
Wyatt,  Head  of  the  Department  of  Boils,  to  whom  many  thanks  are 
due  for  his  generous  and  helpful  suggestions,  which  could  only 
come  from  one  with  such  a  wide  experience  of  the  practical 
significance  of  soil  science. 

Grateful  acknowledgment  is  made  to  Dr.  J.D.  Newton, 
under  whose  direction  this  investigation  was  carried  out,  for 
his  continued  interest  and  constructive  criticisms  during  the 
carrying  out  of  this  research. 

Acknowledgment  of  indebtedness  is  extended  to  Dr.  B. 
Newton,  Head  of  the  Plant  Biochemistry  Department,  for  his 
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courtesy  and  help  in  permitting  the  use  of  certain  apparatus 
and  for  photographio  facilities;  to  Mr.  Cyril  Keriway,  Field 
Crops  Department,  for  taking  the  photographs  used  throughout 
this  thesis;  to  Mr.  S.  Ward,  Soils  Department,  for  his 
assistance  in  making  the  profile  of  the  stratification  of  the 
Peat  Bog  under  experiment  in  this  investigation;  and  to  the 
Dominion  Government,  Department  of  the  Interior,  Natural  Hesouroes 
Branch,  for  copies  of  the  frontis  map. 


;  ‘  o  1  x  - 

J-00  ■  ■  t  .  .  t  '  ' 

,  .  -c  .  of.<:  ‘  ,  " *x  ,  .  .1'  ■" ^  ‘J'  eirit 

•  1 .  . 

■-  t  r:  '  .  ;•  •  /  r  :'r  i  :  '  /  •  ■  -  ~r.h  c 

,  t.;:  o c:  7  ’to  o  vo'L  (o.c- or:~. 


BIBLIOGRAPHY, 


(1)  ANDERSON,  J.A. 

1926.  The  influence  of  available  nitrogen  on  the 
fermentation  of  cellulose  in  the  soil.  Soil  Sci.21:2. 

(2)  ARMSTRONG,  E.F.  and  HILDIT9H,  W. 

1919.  Solid  catalysts.  Proc.  Roy.  Soc.  (London) 
96(A);  p. 137. 

(3)  ASHBY,  S.F. 

1907.  Some  observation  on  the  assimilation  of  at¬ 
mospheric  nitrogen  by  a  free  living  organism  -  Azoto- 
bacter  chroococcum.  J.  Agric.  Sci.  Vol.  2,  p.38. 

(4)  ASSOCIATION  OP  OFFICIAL  AGRICULTURAL  CHEMISTS. 

1919.  Methods  of  analysis.  2nd.  Edition. 

(5)  BAL,  W.V. 

1926.  Studies  on  carbon  dioxide  production  In  soil 
and  solution.  Ann.  Appl.  Biol.  13:231-243. 

(6)  BASE  EXCHANGE  PHENOMENA  (Symposium) 

1926.  J.  Amer.  Soc.  Agron.  18:6. 

(7)  BAUDISCH,  0. 

1921.  Reduction  of  Nitrates  and  Nitrites  in  processes 
of  assimilation.  J.  Biol.  Chem.  48;489-502. 

(8)  BLACKMAN,  F.F. 

1905.  Optima  and  limiting  factors.  Ann.  of  Bot. 

19,  p.231, 

(9)  BONAZZI,  A. 

1923.  Mechanism  of  oxidation  of  ammonia.  J.  Bact. 
Vol. 8:4,  p.343-363. 

( 10 )  30USSXNGAULT ,  M. 

1861.  Fixation  of  elemental  nitrogen  of  the  atmos¬ 
phere  by  green  plants.  Phil.  Trans.  Roy.  Soc. (London ) . 
151s452-455* 

(11)  BRISTOL  ,B.M.  &  PAGE,  H.  J . 

1923.  Fixation  of  elemental  nitrogen  by  green  algae. 
Ann.  Appl.  Biol.  10  (3  &  4):378-409. 

(12)  BROWN,  P.S. 

1912.  Bacteriological  studies  of  Field  Soils  1  &  11. 
Iowa  State  Coll,  of  Agric.  Research  Bulls.  5  &  6. 

(13)  BURK,  DEAN.  ,  _ 

1927.  Nitrogen  fixation.  J.  Gen.  Physiol.  10(4)  p.559 

(14)  BURGESS,  P.E. 

1918.  Can  we  predict  the  probable  fertility  from 
biological  data.  Soil  Sci.  6:449—462. 


rrzLXZ 

.  .T 

c  ,  cl  :  ’  j  /  . :  ‘ .  Ac  oo:\ :  .A  .  ‘  .  .  A  .  ■! 

' •  .  •  .  .  £  secluIleQ  t<  13  ' 

, :  l  ,  .  C‘.:  ,  •  -  :  •'  -  * 

*  a. 

A  A  ,*■'  A.A  ■ 

no]  .  .  .  c  13  u  .  i 

-  r  \ 

c  T  j ;  *oti  >  *  oooooon  n  c  c  < 

. 

’  A  :  V  ai  c  J\ 

.1  t-IAE 

He;  ..(  .':or.r,  c1...  oAir”  c '  o  -  c 

;  .  ; •  :  •'  ,  f.  .  .  \  :  Lei)  J- J £1X2 

(  •  C  a)  0 X2  3  . 

,  on  /  »oo  aa  a'  '■! 

aala:  a . t . 

.  no  Hi  .  I 

;  ,  * 0  .  10  i  1  l 

a  V-  <r  •:  ~'.o.a,‘a 

,  ■  a  '  a 

,  f  . 

.  ,  ■;  ,r 

.  :  C  rrjl  to  noH^LHx  tc  .:i  06. 

,  A  -  .  .... 

.  t 

«  . 

.  ••  .  ■  J-  ■'  -  a  -J. r.  -cr:.  oacAc 

' 

,1.  :  t a<i  ■£  J  A  <  r 

•  ' 

-  •  ,  cl 

.-A  -  :A 

c  Ht  A  /  'a  Ls&oi  i  • 

,  CIx  on  .oi*  -Ac  ol 

. 

.  ,  .  e  .  ,  a:  • 

.  .  A  *  A:  ' 

•  /  -  '  c  1  -  -  *  • 

•  •  -  U  _  r  *  N  r  -  I-  r  -  C  ‘  c 

.  -  ;  .  . O  1  v.  j. ..  .  .  v. 


L 


(5; 


(*) 


(0. 


r  .- 

\ 


f  -  . 

V  --  / 


/  r,  r  ' 


-  65 


(15)  CLARK,  W.M. 

1915.  Reaction  of  Bacteriological  Culture  Media. 

J.  of  Infect.  Bis.  17,  p.  108. 

(16)  CUTLER,  D.W.  CRUMP,  L.M.  Sc  SAND ON,  H. 

1921.  A  quantitative  investigation  of  the  Bacterial 
and  Protozoan  Population  of  the  soil.  Phil.  Trans. 
(London).  B.  211,  p.317-350. 

(17)  DACHNOWSKI ,  A.P. 

1926.  Factors  and  Problems  In  the  selection  of  Peat 
lands  for  different  uses.  U.S.  Dept,  of  Agri.  Bui. 1419 

(18)  de  BORD,  G.G. 

1923.  Nitrogen  Metabolism.  J.  Bact.  8:7,  p.40. 

(19)  . 

1923.  Nitrogen  Metabolism  in  Bacterial  Cultures. 

J.  Bact.  8:7,  p.45. 

(20)  DRESCHSLER,  C. 

1919.  Morphology  of  the  Genus  Actincoyces .  Bot.  Gaz. 
67:65-83,  p.147-168. 

(21)  ELLIS,  J.C.B.  Sc  MORI  SON,  C.G.T. 

1917.  Ammoniacal  Nitrogen  of  Peats  &  Humus  Soils. 

J.  Agric.  Sci.  8:1,  p.l. 

(22)  FRED*  E.B. 

1916.  Soil  Bacteriology  Lab.  Manual. 


(23)  - - - -  Sc  GRAVE,  E.J. 

1916.  Some  factors  that  influence  Nitrate  formation 
In  Acid  Soils,  Soil  Sci.  1,  p.317-338. 

(24)  - - Sc  WAKSMAN,  3. A. 


1922.  Plate  Method  for  Determining  Numbers.  Soil  Sci. 
14:1,  p. 27 . 

(25)  GAINEY,  P.L.  &  NELLER,  J.R. 

1919.  Formation  of  Carbon  Dioxide  in  Soil.  Soil  Sci. 
7:293-311. 

(26)  GOWDA,  R.N. 

1924.  Nitrification  Sc  Nitrifying  Organisms.  J.  Bact. 
9:3. 

(27)  HARPER,  H.J. 

1924,  Accurate  Determination  of  Nitrate  Nitrogen  in 
Soil  -  Phenoldisuiphonic  Acid  Method.  J.  Eng.  Sc  Ind. 
Ohern.  16 ; 180—183. 

(28)  HUTCHINSON,  H.B.  Sc  RICHARDS,  E.H. 

1921.  Artificial  Farmyard  ?ianure.  J •  Min. of  Agric. 
(England).  28:1,  p.398-411. 


.  •-  c  r  j  :: 


-66- 


(29)  JORDAN,  E.O. 

1922.  General  Bacteriology.  7th.  edition. 

(30)  KELLEY,  W.P. 

1916.  Some  suggestion  on  Methods  for  the  study  of 
Nitrification.  Science  43,  p.30-33. 

(31)  . 

1916.  Nitrification  in  Semi-arid  Soils.  J.  Agric. 
Res.  7,  p. 417-438. 

(32)  KENDALL,  A. I.  &  WALKER,  A.W. 

1915.  Observation  on  the  Proteolytic  Enzyme  of 
B.  Proteus.  J.  Inf.  Dis.  17,  p.442-453. 

(33)  . - . - . — 

1922.  Ammonia  Formation.  J*  Inf.  Dis.  30,  p. 211^224. 

(34)  IANTHROP ,  E.O. 

1916.  Protein  Decomposition  in  Soil.  Soil  Sci.  1, 

16,  p.509. 

(35)  LAWES,  J.B.,  GILBERT,  J.H.,  and  PUGH,  E. 

1861.  Fixation  oJT  Elemental  Nitrogen  by  Green  Plants. 
Phil.  Trans.  Roy.  Soc.  (London).  151:431-577. 

(36)  LEWIS,  F.J.  ,  and  DOWDING,  E.S. 

1926.  The  Vegetation  and  Retrogressive  Changes  of 
Peat  Areas  (Muskegs)  in  Central  Alberta.  J.  Ecol., 
14:2. 

(37)  LINDEGARDH,  H. 

1928.  Carbon  Dioxide  Evolution  of  Soil.  Soil  Sci. 
23:6. 

(38)  LIPMAN,  C.B.,  and  BURGESS,  P.S. 

1915.  Studies  on  Nitrogen  Fixation  and  Azotobacter 
Forms  in  Soils  of  Foreign  Countries.  Centr.  Bakt. 
Bd.44,  17/23. 


(39) 

LOCHHEAD, 

A.  J. 

1924. 

Microbiological  Studies  of  Frozen  Soils. 

Trans. 

Roy..  Soc.  (Canada).  3rd.Ser.  18:75-96. 

(40) 

LOHNIS,  F 

,  and  SMITH,  N.R. 

1923. 

Life  History  of  Azotobacter.  Jour.  Ag.  Res. 

23: 401- 

432. 

(41) 

MARSHALL, 

C.E.  (et  al). 

1921. 

Microbiology.  3rd.  edition. 

.  .  « 


.  «■  yzj  :: 

•  ...  .  ..  C  r  :  -  u  .  *  6  1  h  1 

: :  ,  ; 


c  *•' 


•  -  j  i  i  x  ■ 


o  c 


,  : .  .A  '•  .  : 

.  -  i \'zn  i'.rf.-i  .  .  r-r  ;  (  . 


(S«) 


-  . 


. :  ...  *'  .  wt 


•y'  . ) 


-  .:  ,  .  ,  . 


«  . 


f  •  \ 


. .  » '  •  .r  ;■  g  * ;• .  '  :  c  :  0  -  .  .1  ,  •  . '  .1 


.  :  ,  .  .  e  ,  , 

.  0*  '  <  <  ’  :  •1631 

.  .  - 1  : 1  1  ,  J  ■»  c  0  ..••.■•/'I'  •  -:t£v 


.  .  .  ?v3  *.  ■  I:  .T-e  .. 

G’X  s 

.  ,  c  t  ,  ,  '  .  t  (  .  1  '  -  .. 


•  3  t '  •  .  . 

'a  .  '  J  '  • '  c- :  '  ::  :  c  . . ■ 


.  • 


.  .  <  <  .  « 

1C”  ...  .  ■  '  '■ 

.  l  .  .;  .3,  ■  ":c  t:  '1(  '  i  j:  \  -.y 


c v  nescxl  to  r. 91;. .. 

~  .  •:  •  .  sz  .  c 


•  i  ■ 

- 


.  ?  r  - 

♦  *1'  Jo.-:  c;oi  c  Y,-r  '  o' .s  .  S 

•  •  -  :  ?, 


,  (X?-) 


c-  i  . '  . ' 


67 


(42)  MATTHEWS,  D.J. 

1920,  The  Determination  of  Ammonia  in  SoIIb.  Jour. 
Agric.  Sci.  10:72-85. 

(43)  HELLER,  J.R. 

1918.  Studies  on  the  correlation  between  the  pro¬ 
duction  of  Carbon  Dioxide  and  the  accummulation  of 
Ammonia  by  Soil  Organisms.  Soil  Sci.  5:225-238. 

(44)  PHILIP,  J.C. 

1925.  Physical  Chemistry.  3rd.  edition. 

(45)  PRATT,  C.A. 

1924.  The  Staling  of  Fungal  Cultures:  1. General  & 
Chemical  Investigation  of  Staling  by  Fusarium.  Ann. 
of  Sot.  38:151. 

'(46)  PRINCE,  A.L. 

1923.  Variability  of  Nitrates  and  Total  Nitrogen 
in  Soils.  Soil  Sci.  15:395-405. 

(47)  PURVIS,  O.N. 

1913-9.  The  Effect  of  Potassium  Salts  on  the  Anatomy 
of  D&ctylis  glomerata.  Jour.  Agric.  Sci. 9: 338-365. 

(48)  ROBINSON,  R.H.  and  TARTAR,  H.V. 

1917.  The  Decomposition  of  Protein  Substances  by 
Bacteria.  Jour.  Biol.  Chem.  30:135-144. 

(49)  ROBINSON,  W.O. 

1927.  The  determination  of  Organic  Matter  in  Soils 
by  means  of  Hydrogen  Peroxide.  Jour.  Agric.  Res. 

34:4r  p.339-356. 

(50)  RUSSELL,  E.J. 

1910.  Ammonia  in  Soils.  Jour.  Agric.  Sci.  3:233-245 

(51)  . 

1921.  Soil  Conditions  and  Plant  Growth.  4th.  edition 

(52)  . 

1927.  The  Present  Status  of  Soil  £icrobiology  and 
its  Bearing  Upon  Agricultural  Practice.  First  Int. 
Congress  of  Soil  Science,  Washington,  D.  C. 

(53)  - - - - and  APPLEYARD,  A. 

1916.  The  Influence  of  Soil  Conditions  on  the  De¬ 
composition  of  Organic  Matter  in  the  Soil.  Jour.Agr. 
Sci.  8:385-417. 

SALISBURY,  E.J. 

1921.  Stratification  of  the  Soil:  Studies  on  Wood¬ 
land  Soils.  Jour.  Ecol.  9:221. 


(54) 


,  .  r./J.:.  ft i  ;  '  '.;c  g 


- 

•:Vm'  “  - 


•  --  « i; 

s  ...i 

** c ■  -  t:  :.Li'  ,  .  v ..  .  .  c  ;  :  c 

10  .x  ro'  ^  i  :U  i  -  .  a  i:  ..  rxoo'i---  ;:c  pc  .^c'f.o 

i  ,  c 

*  j  »v*r  zehzc.  ;v  .  .e.riO.C 

*  •  i  gnil  .  . .  -  . 

,  .  .  .  .  v-:  -  :  ".C  r.c- \  ;0i  ./■ 

.  *0.  ;:c 


■: 


. 


it  t  •  c  J'  1  '  L . .  J  c  .  , ,  x  • '  i-  s  $ .  " :  'j:  c  --  '  J: ...  ■  c  «  ...  '.  I 

.  -■■■;  -  ,i  /  • ,  pi 


' 


.?i\o  ?  v->r 

.  .  .  X  sjI  ■  .  .  c  .  ?  j 

*  •  ,  i  ■  L  -  ■  -  •  r  1  : 


r  r  r 


,  •  ;  ' 

:tz:  :  iczi'  .  1;c  J  c\;:  c  O'  w,  ,  W 

,  .  , '.C ;  .  O  lJ.K.Z:C  .  .  C  C‘  _.  V  •  ..  1  '•  l  .  vr. 


,■  .  -  . 


<  .  .  ... 


{ Cf ) 


_  ■ 


) 


,  ,i{;  g  .  .  '  li 


.  il£ 

,  . 


' 


v  1  _ 


•  j :  -0.’*  'V; f. 

a  ‘  1 1  c  - 


*  i 

.  i 


.  r  c.: 


:: : 


■  ‘  C 


.  c  '  ■ 


(  *  :*  \ 


68 


(55)  SANBORN* ,  J.R. 

1926.  Physiological  Studies  of  Microorganisms. 

Jour.  Bact.  7:5,  p.343. 

(56)  SANDON,  H. 

1927.  Composition  and  Distribution  of  the  Protozoan 
Fauna  of  the  Soil.  Oliver  and  Boyd,  Edinburgh  &  London 

(57)  SCHORGER,  A.W. 

1926.  The  Chemistry  of  Cellulose  and  Wood.  1st.  edi. 
McGraw-Hill  Book  Company. 

(58)  SEARS,  H.J. 

1916.  Nitrogen  Metabolism  of  Bacteria.  Jour.  Inf. 
Dis.  19:105-137. 

(59)  STARLING,  E.H. 

1926.  Principles  of  Human  Physiology.  4th.  edition. 

(60)  STEVENS  &nd  WITHERS. 

1909.  Nitrification  in  Soils  &  Solution.  In  Centr. 
Bakt.  etc.  Abt.  2:23,  p.355-373. 

(61)  STOKLASA,  J. 

1922.  Biochemical  Methods  for  the  determination  of 
the  Fertility  of  the  Soil.  Chem.  Ztg.  46:681-683. 

Chem.  Abs.  17:1,  p.172. 

(62)  THORNTON,  H.G.  and  FISHER,  R. A. 

1927.  Daily  Changes  in  Bacterial  Numbers  in  American 
Soils.  Soil  3ci.  23:4.  p.253-259. 

(63)  TRANS.  OF  THE  FARADAY  SOCIETY. 

1922.  Physical -Chemical  Problems  Relating  to  the  Soil 

17:2. 

(64)  TREADWELL,  F.P.  and  HALL,  W.T. 

1924.  Analytical  Chemistry.  2-quant itative.  6th.  edi. 
John  Wiley  &  Sons, 

(65)  WAKSMAN,  3. A. 

1916.  Methods  for  the  study  of  Nitrification.  Soil 
Sci.  15:4,  p. 241-260. 

(66)  - — - - 

1917.  Influence  of  Available  Carbohydrates  Upon 
Ammonia  accunmulation  by  Micro-organisms.  Jour.  Am. 
Chem.  Soc.  39:1503-1512. 

(67)  . — - 

1919.  Cultural  Studies  of  Actinomyces.  Soil  Sci. 8 
p. 71—215. 

(68)  - - - 

1922.  Growth  of  Fungi  in  the  Soil.  Soil  Sci. 14:2, p. 153 


69 


(69)  WAKSMAN,  S.A. 

1923.  Microbiological  Analysis  as  an  Index  of  Soil 
Fertility:  5-Nitrification.  Soil  Sci.  16:1,  p.55-65. 

(70)  - and  LOMANITZ,  S. 

1925.  Chemistry  of  the  Decomposition  of  Proteins 

and  Albino  Acids  by  Micro  -organisms.  Jour.  Ag.  Res. 
30:263-281. 

(71)  - and  STARKEY,  R.L. 

1924.  Carbon  Dioxide  Evolution  as  an  Index  of  Soil 
Fertility.  Soil  Sci.  17;141-161. 

(72)  . . ~ 

1924.  Organic  Matter  and  Numbers  of  Soil  Micro¬ 
organisms.  Soil  Sci.  17:373-377. 

(73)  TO  IT  TIES,  C.L. 

1923.  The  Determination  of  Numbers  of  Eacteria  in 
Soil.  Jour.  Agric.  Sci.  13:18-48. 

(74)  WINOGRADSKY,  S . 

1925®  The  Direct  Method  for  Counting  Soil  Bacteria. 
Ann.  de  I’Inst.  Pasteur.  39:299-354. 

(75)  WYANT,  Z.N. 

1921.  Comparison  of  Technique  of  Quantitative  Bacter¬ 
iological  Analyses.  Soil  Sci.  7:4,  p.295. 

(76)  WYATT,  F.A.,  WARD,  A.S.,  and  NEWTON,  J.D. 

1926.  Nitrate  Production  under  Field  Conditions  in 
Soils  of  Central  AJLberta.  Scientific  Agric.  7:1, p.1-24. 


Table  15*  -  Complete  details  of  Nitrates,  Ammonia,  &  Micro-organisms  of  Four  Soil  Groups  investigated. 
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